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EERATA ET CORRIGEJTDA.

Page 68, note
||,

line 1, dele "for which the name Duporthite has been need-

lessly proposed."

Page 8 1, line 4, for " albite " read " oligoclase."

Page 455, explanation of figure, /or " Mowbrey " read '' Moorhey."
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1. On the MAMMALiAif Eauna of the Yal d'Aei^o. By Dr. C. J.

Forsyth Majoe. (Read June 25, 1884.)

[Communicated by Prof. W. Boyd BawMns, F.E.S., F.G.S.]

Contexts.

§ 1. Introductory. The Fauna of the Val d'Arno.

I 2. Relation to Older Faunas.

I 3. The Shore-deposits of the Pliocene Sea in Italy contain the same
Mammalian Fauna as the Lacustrine deposits of the Yal d'Arno.

§ 4. Relations to the Pleistocene Fauna.

§ 5. Relations to Living Forms.

I 6. Conclusion.

8 7. Note by Prof. Boyd Dawkins.

§ 1. Introductory. The Fauna of the Val d'Arno.

In" the following essay on the fossil mammalia of the Yal d'Arno I

have subjected the list of species to a critical examination and
brought it down to the knowledge of to-day. It will be seen from
the following lists that I have been able to add a considerable number
of species to those known in former years.

I. 1872 *. I. 1872.

Maeacus florentinus, Coechi.

Felis, 2 sp.

Canis, sp.

Ursus etruscus, Cuv.

Mustela, sp.

Hyaena, sp.

Drepanodon (Machairodus), 2 sp.

Equus fossilis, Eutira. (non Owen
Hippopotamus major, Cuv.

Mastodon arvernensis, Cr. et Job.

Elephas meridionalis, Nesti.

antiquus, Falc.

Rhinoceros etruscus, Falc.

hemitoechus, Falc.

leptorhinus, Cuv.
Sus, sp.

Bos etruscus, Falc.

Cervus dicranios, Nesti.

, 2 sp.

Castor, n. sp.

Tapirus, sp.

Antilope, sp.

Lagomys, sp.

* Forsyth Major, in Antonio Stoppani, 'Corso di Geologia,' ii. p. 673.

Q. J. G. S. No. 161. B



DE. C. J. FOESTTH MAJOE ON THE

II. 1874 *.

Macacus florentinus, CoccM, sp.

ausonius, n. sp.

Felis, 3 sp.

Canis, 2 sp.

Ursus etruscus, Cuv.

Mustela, sp.

Hysena Perrieri, Cr. et Job. (H. brevi-

rostris, Aym. ?).

arvernensis, Cr. et Job.

Machairodus, 3 sp.

Equus Stenonis, Cocchi.

Hippopotamus major, Cuv.

Mastodon arvernensis, Cr. et Job.

Elephas meridionalis, Nesti.

Rhinoceros etruscus, Falc.

Sus Strozzii, Menegh. in Coll.

Bos etruscus, Falc.

Cervus dicranios, Nesti.

ctenoides, Nesti.

, 2 sp.

Castor pHcidens, n. sp.

Hystrix, sp,

Lepus, sp.

III. 1876 t.

Macacus florentinus, Cocchi, sp.

ausonius. Major,
Eelis, 3 sp.

Canis etruscus, Major.
Falconeri, Major.

Ursus etruscus. Guv.

Mustela, sp.

Hysena Perrieri, Cr. et Job. (H. brevi-

rostris, Aym, ?).

Hysena arvernensis, Cr. et Job.

Machairodus, sp.

Equu.s Stenonis, Cocchi.

Hippotamus major, Cuv.

Mastodon arvernensis, Cr. et Job.

Elephas meridionalis, Nesti.

Ehinoceros etruscus, Falc.

Sus Strozzii, Menegh.
Bos etruscus, Falc.

Cervus dicranios, Nesti.

ctenoides, Nesti.

' 2 sp-

Castor plicidens, Major.

Eosinas, Major.

Hystrix, sp.

Lepus, sp.

IV. 1883.

1. Macacus florentinus, Cocchi, sp.

2. ausonius, Major.
3. Felis issiodorensis, Cr. et Job.

4. arvernensis, Cr. et Job.

5. , sp.

6. Canis etruscus. Major.
7. Falconeri, Major.

8. , sp.

9. Ursus etruscus, Cuv.

10. Mustela, sp.

11. Hysena, sp. (Montopoli).

12. Hysena Perrieri, Cr. et Job. (H.
brevirostris, Ayr/i. ?).

13. Hysena arvernensis, Cr. et Job.

14. Machairodus meganthereon, Cr.

et Job.

15. Machairodus cultridens, Cuv.

16. , sp.

17. Equus, sp.

18. sivalensis, Falc. e Cautl.

(E. Stenonis, Cocchi).

19. Mastodon Borsoni, Hays,

20. arvernensis, Cr. et Job.

21. Elephas meridionalis, Nesti.

22. Tapirus arvernensis, Cr. et Job.

23. Rhinoceros etruscus, Falc.

24. Hippopotamus major, Cuv.

25. Sus giganteus, Falc. (Sus Strozzii,

Menegh.).

26. Bos (Bibos) etruscus, Falc.

27. Leptobos Strozzii, Eiitim.

28. Cervus dicranios, Nesti. (C. Sedg-
wickii, Falc).

29. Cervus ctenoides, Nesti.

30. , sp.

31. Perrieri, Cr. et Job.

32. etueriarum, Cr. et Job. (?)

33. PalseoryxMeneghinii, Riltim. (Oli-

vola).

34. Pal^oreas montis caroli, Major.
35. Castor Rosinse, Major.
36. plicidens, Major,

37. Hystrix, sp.

38. Lepus, sp.

39. Arvicola, sp.

^ ForsythMajor, " Considerazioni suUa Fauna dei Mammiferi pliocenici e post-

pliocenici della Toscana " (Atti Soc. Tosc. di Sci. nat. in Pisa), vol. i., pp. 39, 40.

t C. J. Forsyth Major, " Sul livello geologico a cui e d' ascriversi it cosi detto

cranio dell' Olmo " (Archivio per I'Antropol. e la Etnol. vol. vi. 1876, p. 345).
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§ 2. Relation to the Older Faunas.

On the boundary-line between the Miocene and Pliocene we find

in southern Europe, and especially in the region of the Mediterranean,

and also as far to the east as the Siwalik mountains of India, a

richly developed fauna in which the Hipparion is the most widely

spread and important representative. This fauna is met with at

Pikermi in Attica, at Concud, and at Alcoy in Spain, at Oran and

Constantino in Algeria, at Montpellier and Mont Leberon (Cucuron)

in France, at Casino near Siena, in Italy, at Eppelsheim in Germany,

as well as in Austria-Hungary, the Balkan peninsula, and in Asia

Minor. ISTot one of the members of the fauna discovered in these

localities occurs in the somewhat younger fauna of the Yal d'Arno.

Yarious relations are certainly to be pointed out. The two Pliocene

Antelopes, Palcaoryx Meneghinii, Hiit., from Olivola in the valley

of the Magra, and Palceoreas montis caroli, in the valley of the

Arno, are closely allied to species of the same genera found in

Pikermi. The same intimate relation exists between the MacJiairodus

of Pikermi and those of the Yal d'Arno. The Mastodon Borsoni

from Asti and the upper valley of the Arno is so closely allied to

the Mastodon ta^nroides, of "Winterthur, (Eningen, and Pikermi,

that both forms are frequently mistaken one for the other ; and in

the same way the Pliocene M. arvernensis is closely allied to

M. longirostris. The relation of Equus Stenonis to Hipparion has

been dealt with in my treatise on the fossil horses of Italy.

The mammalian fauna of Montpellier, as we know it from

Gervais's works (and which according to his final assertions also

contains Hipparion), shows us a mixture of both faunas, and not one

of transitional forms, but containing species identical with those of

the Yal d'Arno and others identical with those from Casino.

Unfortunately the suspicion is not to be put aside that this mix-

ture only took place in the Museum ; so that we cannot draw any
conclusions from this case until the circumstances are satisfactorily

cleared up.

The Yal-d'Arno fauna too was spread as far as India, and we
find its representatives in the Siwahks. Equus sivaleoisis, Ealc.

and Cautl., seems to me identical with E, Stenonis, Cocchi, from
the Arno Yalley ; the gigantic wild boar from the Siwaliks,

Sus giganteus, Ealc, is probably identical with S. Strozzii, Menegh.,

from the upper valley of the Arno. So also, according to Eiitimeyer's

researches, the Siwalik oxen show a great similarity to those of

the Yal d'Arno. Lydekker distinguishes in the Siwaliks Mio-pliocene

strata {Hippaiion &c.), so that it must be said that this distinction

is based on local stratigraphical circumstances, and not merely

adopted by analogy with those in Europe.

§ 3. The Shore-deposits of the Pliocene Sea in Italy contain the same
Mammalian Fauna as the Lacustrine deposits of the Yal d^Arno.

We every now and then come across the assertion that the marine
Pliocenes of Italy are older than the lacustrine strata of the Arno

B 2
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Yalley. In the shore-deposits of the Pliocene sea, in the Lower
Avno Valley, and in other parts of Tnscany and central Italy, land
mammals are not unfrequently found and have been recorded by the

naturalists of the last two hundred 5-ears ; but their age could not be
determined without the systematic explorations of modern times. At
present no doubt can exist. The littoral marine Pliocene strata do
contain a mammalian fauna which is identical with that of the

upper valley of the Amo ; a study of the fossils contained in the

Tuscan museums, and of the excavations carried on by me at

Montopoli (in the marine Pliocene between Pisa and Florence), have
j)laced this beyond any doubt.

§ 4. Relations to the Pleistocene Fauna.

In the Postpliocene (Pleistocene) we find various connecting links

with the Pliocene fauna, although, at least in Italy, not a single species

of the older fauna seems to have gone over, as such, to the younger
fauna. TThikt the greater number of the Pleistocene (Quaternary)

mammaha are distinct from those of the Pliocene, that part of the

Pleistocene fauna which is often designated as the African division

of the same^ appears more nearly allied to it. This division should

perhaps more correctly be called the old indigenous.

Piret of all, the Hyaenas and Pelines, Eyoina Perrieri and
Hyoina arvernensis from the lacustrine Pliocene of Auvergne and
of the Arno Yalley, stand so close to the Pleistocene Hyaenas,

H, croaata (spelcea) and H. prisca, that they may be considered their

ancestors ; and the same results will probably be obtained from a

careful comparison of the various Pliocene and Pleistocene

(Quaternary) kinds of Felis.

The Pliinoceros etruscus, Falc, of the Arno Yalley more closely

resembles the Postpliocene JR. TiemitoscTius, Pale. (R. Merckii, pro
parte), than P. ticliorliinus^ although a study of the remains of

the two first-mentioned forms found in Italy does not justify the

assumption of some authors on the other side of the Alps that

they are identical species. With some practice it is always possible

to distinguish even isolated teeth of the upper jaw of the two forms.

"We often find Rliinoceros leptorJiinus cited as a Quaternary fossil

;

for example, Charles Mayer cites P. leptorhinus, together with. Ele-

plias meridionalis and Hip>popotamus major, as prototypes of the

Postpliocene fauna, or, more accurately, the fauna of the " Couches

do Cromer," the lowest stage of his Saharian zone. In this he

groups together the following strata :—Porest-bed of Cromer, sands

of St. Prest, and other French localities, lower moraines and
lacustrine chalk (SeeKreide) of IJtznach, Diirnten, and Y'etzikon in

Switzerland, and the sandy freshwater marls and ferruginous gravels

of the region of Asti and " Sansino " of the Arno Yalley.

As regards the term Rhinoceros leptorhinus^ it has no value what-

ever as a proof of the synchronism of the above-named strata, as

several distinct sj)ecies of Rhinoceros have received this name

;

in the Forest-bed we have to do with R. hemitcechus, Falc, in the
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district of Piacenza with the tyi^ical R. leptorhinus, Cuv. (i^ro parte),

in the district of Asti and the Upper Yal d'Arno with R. etruscus.

In the same way the name Hippopotamus major has caused con-

fusion. The Postpliocene remains of Hippopotarnus are pretty

generally assumed to be the same as those of the Hipp>opotamus of

the Arno Valley, although such a union is not the result of recent

comparisons, but a survival of Cuvier's view of the matter, who did

not distinguish Pliocene and Postpliocene strata, but grouped them
together under the name of " couches meubles," and who accordingly

was predisposed to regard these fossils as identical. The species

H. major was founded on the perfect skull from the Arno Yalley,

preserved in the Plorentine ]5J[useum, and described by Cuvier and
Nesti ; and Cuvier pointed out the difference between it and the

living^, ampliihius. Under the same name he also cited remains of

Hippopotamus from caves &c., although they were not so perfect as

to justify such a decided statement. So long, then, as the remains of

the Hippopotamus from caves and from other Postpliocene deposits

are not proved to be identical with those of the Arno Yalley, it

seems unjust to designate the former as H. major.

In many cases, where Eleplias meridionalis is cited from Post-

pliocene strata, there is a great probability of its being a variety

of E. antiquus. The latter does not appear in the Upper Arno Yalley,

but it occurs together with other Postpliocene mammals in the

neighbouring Yal d'Ambra (near Bucine) and in the regioii of Arezzo.

In respect to the lignite of Leffe, in Lombardy, the greatest

care should be taken respecting conclusions as to the age of the

mammals ; because in one Italian museum fossils are labelled in

the most careless way, as coming from Leffe, while distinctly

showing that they are partly Miocene and partly Eocene. EUpTias

meridionalis and ^05 etruscus are the only mammals which I know
with certainty as coming from Leffe.

§ 5. Relations to Living Form^.

Among the thirty-nine mammals of the Yal d'Arno which I

mentioned at the beginning of this essay, we find at present five

genera which are extinct :

—

Machairodus, Mastodon. Leptohos,

PalcBOryx, Palceoreas. Not a single species is identical with those

living to-day. JSTotwithstanding this, we find among the mammals
of the Arno Yalley transitional forms towards those of Pleistocene

times.

The former, however, show still nearer relationships to some
living faunas than to those of our Pleistocene. In dealing with

this question the Palfearctic, j^earctic, Neotropical, and Australian

regions cannot be considered, as there exist too few analogies for

the purpose, and only the Ethiopian and the Oriental region remain
open for our inquiry. Hippopotamus is, amongst our Pliocene

genera, the only one in the present day exclusively indigenous to

the Ethiopian region ; and on the other hand the genus Tapirus,

known in the Oriental region, is missing in the Ethiopian. Two
other genera. Castor and Arvicola, are represented in the Palaearctic
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and !N"earctic regions, but, so far as we know, are missing at present

in the EtHopian and Oriental regions. All the other Pliocene

genera now living are indigenous to the Ethiopian as well as the

Oriental region; but, if we inspect the species more closely, we
find "very few allied to African forms, but on the contrary their

analogies point towards the Oriental region.

Pliocene mammals are to be found at the present time, but little

altered, in the most southern corner of Asia, and especially in the

Sunda Islands ; and there not only exists a general agreement
between the two groups, but also resemblances singularly special;

The peculiar Buffalo-Antelope of Celebes (Anoa dej^ressicornis), as

Eiitimeyer has pointed out, is but little changed in form from its

fossil representatiTe iii the Siwalik deposits ; " with but little

perceptible increase of height and weaker weapons, it repeats the

physiognomy of the Siwalik Hemihos, even to the details of the

foramina for vessels and nerves"*.

Bos etruscus, according to the same author's investigations, is a

real Bihos, and with a few Siwalik forms is closely allied to the

Banting now living in Java.

The majority of Pliocene Stags (Cervus Perrien, C. pardinensis,

C. etueriarum, C. Nestii, &c.) belong to the group of the Axis and
RvMa, which now live in Malacca and chiefly in the large Sunda
Islands.

Amongst all the living wild Boars, Sus verrucosus from Java

(with S. celehensis) shows the greatest resemblance to the Pliocene

Sus giganteus (S. Strozzii). while Sus vittatus, indigenous to the

Oriental region, is not so closely allied to it. The Tapirs and

Ehinoceroses complete the manifestation of the great accordance

between the Pliocene mammals and those still living in south-

eastern Asia.

This fact is aU the more surprising, because the above-mentioned

islands are situated in the tropics, whilst, chiefly from paleeophyto-

logical reasons, we are led to infer a warm climate, but in no way
a tropical climate, for our Pliocenes.

But I refrain from drawing conclusions as to the Pliocene

climate from the comparison of the Indo-Malayan fauna with that

of our Pliocenes, and for the following reasons :

—

The facts of zoological distribution teach us that the agreement

in climate and in general conditions of life in two regions isolated

from each other does not imply an identity of faunas. In proof of

this, 'Wallace has brought examples from various parts of the worldf.

There are, however, extraordinary facts lying much nearer to us.

Corsica is not many miles distant from Italy, and the isolation of

the two is diminished by the islands in the Tuscan Archipelago.

The Corsican climate is similar to that in the region of the Tuscan

coast, and, notwithstanding this, Corsica shows in her mammals,

* L. Eiitimeyer, "Beitrage zu einer palseontologiscben Geschichte der

Wiederfcauer, zunachst an Linnes Genus Bos'' in Verhandl. naturf. Gesellsch.

in Basel, iv. p. 299 (1865).

t ' Island Life,' p. 5, &c.
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amphibians, and reptiles, a closer relation with ]S"orth Africa than

with peninsular Italy.

On the other hand, we have no right to postulate, as a matter of

course, an agreement in the climate and the general conditions of

life where we find an agreement between the animal forms of two
distant regions, as Mr. Wallace has shown in several surprising

cases*. These facts, deduced from a consideration of the present

fauna, lead us to similar conclusions with respect to the fossil

faunas. Southern France, on the northern flank of the Pyrenees,

and the northern half of Corsica are in the same latitude and have
almost the same climate. The mountain regions of both territories

were covered with extending glaciers during the Quaternary

(Pleistocene) age. And yet what a difference in the Postpliocene

mammalian fauna ! In the caves of the south of Prance we meet
with circumpolar mammals amongst others. In the breccias of

Corsica we meet an animal of Miocene type (Myolagus), belonging

to the Hare family, and besides this peculiar forms which have not

appeared anywhere else in Europe.

If we look with this light at the fauna of the Val d'Arno, which
we have seen to have been spread over Europe and Asia in Pliocene

times, it also seems probable that it extended then as far as Java

and Celebes. We doubtless have to thank isolation for the fact that

the close relations of the mammalian fauna of the Indian Archi-

pelago with those of the Pliocenes are preserved till the present

time.

§ 6. Conclusion.

A few mammalian species do not always fix the geological age

of the bed to which they belong. In the case of the above-

mentioned Myolagus sardous of the bone-breccias of Corsica and
Sardinia, we have a Miocene animal, found at OEningen, Sansan,

Steinheim, and Casino, which has apparently been preserved with-

out change in the above islands down to Pleistocene times, and
probably also to the jSTeolithic age t. In dealing with the Pliocene

mammalia we have shown that several animals have been preserved

almost unchanged to the present day ; it may therefore be inferred

that they lived, in the Pleistocene age, in areas adjacent to those

spots where they now live. In the Sunda Islands, and presumably
elsewhere, it would be difficult, if not impossible, to distinguish the

Pliocene from the Pleistocene fossil mammalia. This may perhaps

explain the fact that Elephas meridionalis is associated with a

younger fauna on the other side of the Alps than in Italy, although

the proof that this species lived in Pleistocene times in France and
England, does not seem to me to be sufficient. On the other hand
it is accepted by the Austrian geologists and palaeontologists that

Mastodon arvernensis appears in Austria and Hungary in a fauna

* ' Island Life,' pp. 64-67, 370, 371, 375, 378, &c.

t See Forsyth Major, " Die Tyrrhenis. Studien iiber geographische Verbrei-

tung von Thieren und Pflanzen im "westlichen Mittelmeergebiet " (in * Kosmos,'

vii. Jahrgang, 1883, p. 697).
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wMch is older than the mammal fauna of the upper Val d'Arno.

It may therefore be concluded that this species is geologically

older in Austria and in Hungary than it is in Italy. The occur-

rence of a single species in distant or isolated regions cannot be

taken to prove that the strata in which it occurs are contemporaneous.

A species can only survive under favourable conditions, among which
isolation counts before anything, as in the case of the Myolagus of

Corsica and Sardinia.

§ 7. J^ote ly Prof. Boyd DawJcins.

In this valuable contribution to our knowledge of the Pliocene

mammal-fauna of Italy, Dr. Porsyth Hajor draws attention to the

sharp line of definition between the Phocene and Pleistocene, and
considers that no species passed from the one to the other in Italy.

In this I am unable to agree, because two of the Cervidse, Cervus

etueriarum and C. Perrieri^* are undistinguishable from varieties of

Deer belonging to the Axis and Rusa type now inhabiting the

Oriental region.

'^ov can I agree with him in viewing the Hi^jpopotamus major of

the Yal d'Arno as having been assumed to be identical Avith the

living H. amjpJiihius on the strength of a Cuvierian tradition. I have
attempted in vain to distinguish between the fossil and the living

forms, and after detailed measurements and a careful comparison of

those from the Val d'Arno in the British Museum with the living,

and after an examination of those in the Museum of the Jardin

des Plantes in Paris, I am obliged to believe that they belong to

the same species. U. aniphihius must therefore be counted as a

living species dating back from the Pliocene age. Numerous
Pliocene species, Elephas meridionalis, Rhinoceros etruscus, &c., as

I have already pointed out in various papers read before the Society,

undoubtedly occur wi situ in the Forest-bed of ISTorfolk and Suffolk,

in association with Pleistocene forms, and prove the overlap of

the Pliocene and Pleistocene groups. I have also shown t that the

Oriental region is that in which the Pliocene mammalia of Europe
find their nearest analogues.

With regard to the nomenclature of Ehinoceros, Dr. Porsyth

Major's criticism applies only to the R. leptorhinus of Cuvier, and
not to the R. leptorTihitis of Owen, which is the equivalent of the

U, hemitoechus of Falconer.

* Quart. Journ. Geol. Soc. 1878, p. 407.

t Ibid. p. 419.
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2. On some Kecent Discoveries in the Submerged Eorest of

ToRBAY. By D. PiDGEON, Esq., F.G.S. (Read November 5,

1884.)

Among the numerous examples of submerged forests which occur at

intervals all round the English coast, there is none, perhaps, better

known than that of Torbay. This has been described by De la

Beche, Godwin-Austen, and many other geologists, but more parti-

cularly by Pengelly, who has given considerable attention to it and
speaks * of it as follows :

—

" Considerable accumulations of vegetable matter, with stumps
and roots of trees, firmly fixed in bluish clay, and evidently the

remains of a forest which once grew on the spot, exist in all the

inlets of Torbay. The most important and best known is that which,

at very low water, is more or less exposed at Torre-Abbey sands

the greater part of which is commonly concealed by sand

and shingle, but is occasionally laid bare by a heavy sea. In these

and similar deposits of Goodrington and Broad Sands have been

found the bones of various animals, among which are the red deer,

the wild hog, the horse, the long-fronted ox, and the mammoth,
the last, if not the last two, being certainly extinct."

The character of the evidence in favour of the mammoth having

roamed the submerged forest of Torbay is well known. Many years

ago some Brixham fishermen trawled a tooth of Elephas jprimigenius

(which is now in the Museum of the Torquay K"atural History

Society) near the entrance of the bay, and neither Dr. Falconer, who
identified it, Sir Charles Lyell, Mr. Godwin-Austen, nor Mr. Pengelly,

who closely examined it, had any doubt that this molar is a true

forest-fossil,"which was torn by the trawl out of a submarine exten-

sion of the forest.

'^ It is probable therefore," continues Mr. Pengelly, " that the

remains of the ancient forest occupy the greater part of the Torbay
area. Nor is this merely a modern opinion, since Leland, in his

' Itinerary,' says ^ Eisschar men hath divers tymes, taken up with
theyr nettes yn Torrelay Musons of hartes, whereby men judge that

yn tymes paste it hath been forest grounde.'

"

Erom all which considerations, the author in question concludes:

—

1. That the country must have been at least forty feet higher

during the forest-era than at the present time ; the depth of water
in which the mammoth's molar was dislodged being from five to six

fathoms.

2. That, subsequently to the forest-era, there was a general

subsidence to the amount of forty, and perhaps of many more feet.

3. That the forest was of sufficient antiquity to have sheltered

the mammoth and long-fronted ox.

* Trans. Dev. Assoc, vol. i. pt, iv. p. 30.
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4. That the successive changes of level were, at least, tolerably

uniform and were effected gradually.

The relics of man hitherto discovered in the submerged forest of

Torbay are veiy^ few. They consist of two horns of red deer, found
by Mr. Ardley in 1852, which exhibit undoubted marks of human
workmanship, and of a single flint implement found by Mr. Watson,
on Torre-Abbey sands, in 1883 *. Both of these finds have been
fully described by Mr. Pengelly, and they sufficiently demonstrate

that man must have witnessed that submergence of the forest area

for which this author contends, while at the same time they raise

the interesting question whether this submergence took place since

or before the period of authentic historj^

It has been considered a sufficient answer to say that Dr. Barham
of Truro, in a paper read in 182-5 t, has fully established the identity

of St. Michael's Mount, near Penzance, with the Ictis of Diodorus
Siculus, who, writing in the year 9 B.C., or nearly 2000 years ago,

assigns to this island exactly the same level relatively to the sea as

that which it has to-day. " Ictis " j, says Diodorus, " is left dry at

low tides, at which times the inhabitants of Belerium, or Cornwall,

transport thither, in carts, the tin which they produce on shore.

Here the traders buy it from the natives and carry it to Graul, over

which it travels on horseback to the mouths of the Ehine."

Purther reasons for believing in the persistence of the existing

coast-levels through long periods of time are to be found in the

fact that an embankment of Boman, if not of pre-Eoman, age,

situated in the Wash, stands upon the same horizon with a similar

structure which has been built in its neighbourhood during modern
times ; while aU the early English chroniclers, from Bede down-
wards, take their stand, so to speak, on the present levels of the

country.

Mr. Pengelly's latest expression of opinion with regard to the

age of the submerged forest of Torbay is as follows § :

—

" It seems highly probable that the era of the forest growth was
of great duration, extending from times before the extermination of

the mammoth in Devon down to the introduction of the sheep and

the goat. Be this as it may, while there are reasons for believing

that the forests under consideration are more recent than the deposits

which in the neighbouring [Kent's Hole and Brixham] caverns have

yielded palaeolithic tools interosculating with relics of several extinct

mammalian species, there seems no reason, on the other hand, for

doubting that they extend back to palaeolithic times in Devonshire.""

Such being the conclusions of the distinguished geologist who is,

perhaps, better acquainted than any other investigator with the

submerged forest of Torbay, attention will this evening be drawn
to certain facts which seem to indicate that, while some of the

so-called peat-beds of the forest are not older than Eoman times,

* Trans. Dev. Assoc, rol. i. pt. iv. p. 36, and ibid. vol. xr. p. 137.

t Trans. Eoy. G-eol. Soc. of Cornwall, vol. iii. p. 86.

I Astronomy of the Ancients, p. 452.

§ Trans. Dey. Assoc. toI. xv. p. 138.
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the clays in which the forest is rooted are either coeval with,

or younger than, the bronze age in Britain.

The map, fig. 1, exhibits that part of Torbay which is occupied

by Goodrington, Paignton, and Preston Sands, upon the first and
last of which the finds which are about to be described were made.
Eeferring, in the first place, to Preston Sands, these fringe a fiat

marshy valley, which, excavated in Triassic sandstones and conglo-

merates, and falling seaward with an extremely gentle slope,

extends from Redclifi'e Towers at A to Preston Lane at B (fig. 1).

The gales of December 1883 and Pebruary 1884 stripped nearly

all the shingle off the upper half of the tidal strand between these

two points, A & B, exposing the outcrops shown upon the plan,

fig." 2. The forest-clay, K, was then seen to extend in a continuous

Pig. 2.

—

Plaii of Outcrops ohserved on Preston Sands (A to B on

fig. 1), December 1883 to February 1884. (Scale 340 feet to

1 inch.)

sheet of no great thickness from Redclifi'e Towers to Preston Lane,

while its seaward edge, instead of extending beyond low-water

mark, as in the neighbouring inlets of Goodiington, Torre Abbey,
Paignton, and Broad Sands, has been truncated by the action of the

sea and is now confined to the limits shown upon the plan.

Inland the clay bed forms a flat basin, whose northern lip, rising

with the fiank of the valley, thins out to nothing at B, about seven

feet above high-water mark, while its southern lip has been denuded,

together vrith the Trias rock upon which it rests, to the level of the

sea. Of the inland lip of this basin more hereafter.

The clay reposes directly upon the Trias at A (figs. 1 & 2), while,

further north, it lies upon a somewhat remarkable breccia or " head "

(L, fig. 2), which caps the Trias conformably from about the point C
for a considerable distance northwards of Preston Lane. This breccia,

which, together with the forest- clay underlying Preston Sands, has

been minutely described by Mr. Pengelly*, consists of unstratified,

angular, and loosely aggregated stones, packed, without order or

arrangement, in a clayey matrix. The stones have nearly all been

derived from a neighbouring hill of Devonian sandstone, whence

* Trans. Dev. Assoc, for 1878.
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they have travelled to their present position along slopes which

are, for the most part, so slight that it is difficult to suppose existing

natural agencies to have heen concerned in their transportation.

This breccia is, in all probability, an example of those deposits

which, going by the name of " head " in the west of England,

attain a great development in the maritime districts of Southern

England and Northern France, and which Sir A. Eamsay and Prof.

James Geikie have considered to be the equivalents of true glacial

deposits, such as the till, but formed in districts which were not

covered by the continental ice-sheets.

That the clay bed, which thus rests either upon the Trias rock or

the breccia which caps it, forms the soil in which a portion of the

submerged forest of Torbay is rooted, there is no sort of doubt. It

is crowded with roots of all sizes ; while here and there, the

trunks of trees, whose roots branch through the clay in all direc-

tions, still stand erect and show themselves above the surface of

the shingle whenever this is thinly strewn over the tidal strand.

It is further covered, as shown on the map, with a mass of so-called

peat, D (fig. 2), which is nearly three feet thick in some places.

Towards the end of December 1883, the sea exposed the area of

clay and underlying " head " shown at E, fig. 2. E itself represents

the trunk of a large tree about whose roots, which were partially

denuded, the clay was several feet thick, and whence it thinned

away to a feather-edge where it met the " head." Here, resting

immediately upon the breccia at G, two pavement-like aggregations of

stones were observed, each about two feet across, and of irregular out-

line, but both presenting the appearance of having once been united.

These quasi floor-fragments consisted of well-rolled beach stones, the

counterparts of certain trap pebbles, derived from the Trias, and very

numerous on the present beach, but differing totally in character

from the angular Devonian stones in the "head" on which they

lay. That these were no heaps of pebbles shot down from a cart

for some purpose, during a previous exposure of the breccia, as

might well have seemed the case^ was clear from the fact of their

being everywhere interpenetrated by fibrils of the forest roots.

A close examination revealed the curious fact that these trap

pebbles were all cracked and traversed in every direction by minute
fissures, so that the stones, usually difficult to break, even with a

heavy hammer, could be pulled apart by hand. The fractures

were of such a kind as forcibly to suggest that the stones had been
heated ; and some trap pebbles from the beach, upon being placed in

the fire, soon exhibited similar fissures, and became cracked in

exactly the same way as those forming the heaps in question. The
interstices of the hearth, as the structure now began to be con-

sidered, were crowded with fragments of charcoal, easily distinguish-

able from the dark-coloured and decomposed vegetable matter
furnished by the adherent rootlets.

But if the seeming floor were really a hearth, the question at

once arose—Why should its builders have gone afield for materials

when there was plenty of Devonian sandstones ready to hand in the
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" head " ? Why did they not light their fires upon it? On trial,

however, it was found that such fragments of Devonian rock as

the breccia contains fly to pieces with great violence on being

heated, and were therefore quite unfit for the construction of fire-

places. Einally, the floor-like structure, the heat-cracked stones,

the presence of apparently true charcoal, and the proved unfitness

of the breccia for hearth-building, suggested the conclusion that

man had roamed in Torbay at some period subsequent to the depo-

sition of the breccia capping the Trias, and prior to the deposition of

the clay in which the submerged forest is rooted.

The discovery of a presumptive hearth raised hopes that some
utensils of human origin might ultimately be found ; nor was this

anticipation disappointed. Towards the end of February 1884, a

heavy gale bared the strand very widely, the junction of the forest-

clay with the underlying Trias being well displayed at the point

marked A in figs. 1 and 2. A large area was here uncovered, and
the clay soon yielded several trap pebbles, cracked as if by fire, and
fissured in exactly the same way as others which formed a part of

the presumed hearth. This suggestive find was carefully followed

up and the forest-clay thoroughly searched from A to B, after every

tide, so long as the exposure lasted. The following articles were
discovered, and are all exhibited on the table :

—

1. An ingot of copper, found lying on the surface of the forest-

clay. Although not actually imbedded, its position and appearance

left no room to doubt that it had been disinterred by the last tide.

2. A portion of a similar ingot, also found lying on the surface of

the clay, but having a few minute rootlets clinging to one of its

crevices.

3. Numerous pieces of rude pottery, made of dark-coloured, un-

burned clay, mixed with small fragments of stone.

4. Three fragments of granite grinding-stones, originally of

circular outline, and about ten inches in diameter.

5. A curiously shaped piece of whetstone.

6. A piece of glass.

7. A large number of angular stones consisting, according to

assays made by Messrs. Henry Bath and Sons, the eminent tin- and
copper-brokers of Swansea, of tin slags containing a small quantity

of that metal.

8. A quantity of triturated tin-slag, without metallic contents.

9. A number of angular flints, among which are many having a

decidedly artificial character.

10. Three or four flint implements, in some cases worn by use.

All these objects, with the exception of the copper, were actually

disinterred from the clay, and were found either interpenetrated or

embraced, according as they had or had not fissures, by fine root-

lets, such as everywhere crowd the clay itself. Everything, except

the whetstone and one flint implement, which occurred near Preston

Lane, was found closely associated within the space of a few square

yards, and at the spot marked H on the plan (fig. 2), or just where
the forest-clay makes a junction with the Trias.
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It is worthy of remark that the spot in question forms the

natural point of discharge for water accumulating in the valley A B,

and that water-rolled gravel occurs in the clay, quite close to the

spot where the modern pipes F, which drain the low marshy land

of the valley, have been laid down.

A word must now be said with regard to the position of these

various articles vertically in the clay. This, together with the Trias

ridge upon which it rests, has been greatly denuded within the

limits of the tidal strand. A number of truncated posts were
observed at J, and several of these were drawn. They consisted

of tree-stems, four or five inches in diameter, and roughly pointed

;

but, in no case did more than five or six inches of their original

length remain, proving that some feet of clay had been denuded since

the posts were driven. The wood of these piles had its larger vessels

threaded with the rootlets of other plants in exactly the same way
as the forest-wood itself, which, whether prostrate or erect, is always

interpenetrated by the roots of subsequent vegetation. The present

tidal strand has therefore been a land surface since the posts were
driven.

The Trias ridge upon which the forest-clay rests has been pared

down pari passu with the latter, above which it projects only a

few inches. The clay thickens rapidly from its junction with the

Trias outwards, and is from three to four feet thick under the drain-

pipes P. Assuming that the piles were originally driven not less

than two feet into the clay, and bearing in mind that the objects on
the table were found nearer the junction than the drain-pipes, it is

probable that they occupied a position about midway between the

original surface and the bottom of the clay bed at this point.

Reviewing the above facts, the conclusion seems inevitable that

tin was smelted and bronze probably made on the spot in question

at some time prior to the deposition of the forest-clays, and that the

land surface supporting this early metallurgical establishment was
the Trias rock. That the objects obtained from the clay were en-

tombed during its deposition, is shown by the fact of their inter-

penetration by the rootlets for which that claj^ subsequently formed

a soil ; and, unless work was carried on within a pile-dwelling,

the bronze-makers must have been antecedent in time to the forest-

clay. If the platform of cracked stones found seated upon the
" head " be accepted as the remains of a neighbouring smelting-

hearth, then there is no question but that the suggested sequence of

events is correct. Not only, then, was man living in Torbay at

some period prior to the deposition of the forest-clays, but he was
already acquainted with the art of smelting and a worker in copper

and tin—facts which allow no escape from the conclusion that the

soils in which the submerged forests of Torbay flourished were
deposited since the beginning of the bronze age in Britain.

This, according to Dr. Evans, did not probably extend more than
twelve or fourteen centuries backwards from the commencement of

the Christian era, a period agreeing fairly well with M. Morlot's

well-known estimates, which give 3800 years as the present age of
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the bronze period in Europe. Sir John Lubbock has, indeed, ad-
vanced reasons for believing that the Phoenicians traded with Britain
for tin fully 1500 years before our era ; and, if this be so, we must
suppose that the inhabitants of Belerium had been acquainted with
the art of > smelting for very many years before that date, there
being nothing to suggest that the Britons were taught metallurgj^

by the Phoenicians. That the present coast-levels of England have
persisted for at least two thousand years past seems to be fairly

established; and, this being so, it follows that the subsidence, if

subsidence it were, that placed the primitive smelting-works lying

under EedcliiFe Towers beneath the tidal waters of Torbay, must have
occurred at some period prior to the Eoman occupation, or during the

.12, 15, or more centuries which, according to Dr. Evans, M. Morlot,

or Sir John Lubbock, elapsed between the beginning of the bronze
age in Britain and the coming of Julius Caesar to our shores.

This question may be left for a moment in order to inquire how
far a comparison of the objects found in the clay with other early

works of human art supports the conclusion that the soils of the

Torbay forest are of comparatively recent date. It will be observed
that the fragments of pottery are similar in character to both British

and Swiss lake-dwelling pottery, of which the former may be of any
age from 1500 to 3000 years. The copper ingots have their exact

counterparts in others now in the Natural-History Museum which
were found in the black mould, or uppermost layer of Kent's Cavern

;

while whetstones and querns, similar to those taken from the clay,

are not uncommon in Eomano-British finds. Grranting that the

flint implement found by Mr. Watson, lying on Torre-Abbey sands,

is a true foresi>fossil, this in no way militates against the conclusion

which is sought to be established. J^ot only have such tools been
found associated with bronze implements in the Swiss lake-dweUings

and elsewhere, but there is evidence of such association on the table

this evening. The horn implement found by Mr. Ardley in the peat

of the Torbay forest supports the ideas which have been advanced

;

for no one examining this tool with a critical eye can avoid coming
to the conclusion that it has been shaped with something very much
more effective for cutting-purposes than a stone hatchet.

It is well known that the Torbay forest is of later date than the

cave-earth of the neighbouring Kent's Cavern, and later than some
portions, at least, of its stalagmitic covering ; for both these deposits

contain the bones of certain extinct mammals whose remains are

not found in the forest. The fauna of the latter is, indeed, the

fauna of to-day, consisting for the most part of the red deer, the

ox, hog, sheep, and goat, creatures whose bones are also found in

the black mould of Kent's Cavern. There is some evidence, it is

true, that the mammoth roamed in Torbay during the forest-era

;

but it is not conclusive, and it will be time to believe that Eleiolias

primigenius was a contemporary of bronze-making man in Devon-
shire when its remains have been found in actual association with

the works of the latter. This subject will be again referred to in

the. sequel ; it is needful now to pass on to the description of
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another find recentl)' made by the

writer's son on the tidal strand of

Goodrington Bay (fig. 1).

This inlet has much the same
general character as that which
has already been described, and
consists of wide and gently sloping

sands, crowned with a prominent

ridge of beach, behind which the

ground is low, flat, and marshy,
having been reclaimed from
swampy conditions only in recent

years.

Fig. 3 exhibits a section of the

tidal strand taken through the

spot where the "find" in question

was made, and it will be observed

that the forest-clay is here no-

where visible. At the bottom is a

bed, E, consisting entirely of pro-

strate trees and vegetable debris

;

above that is another, A, com-
posed of the stems of the water-

bistort {Polygonum amphihium)
standing as they grew ; next, a

stratum of silt and vegetable mat-
ter, D ; then a thin layer of red

clay, P, and lastly a bed of much-
abraded reedy debris, C, upon
which the beach, B, appears to

rest. The thickness of the lowest

bed is unknown, while that of the

others is altogether about eight

feet. Borings made by the Great
Western Eailway Company have
shown that there are at least

seventy, and it may be many
more, feet of vegetable debris in

the marsh immediately behind the

beach, where it is crossed by the

line carried on a high embank-
ment.

On November 18th, 1883, the

writer's son disinterred from the

Polygonum-'hed, A, fig. 3, two
large pewter vases, one of which
is now on the table, while the

other has been presented to the

Museum of the Torquay N"atural

History Societ}^ These vessels

Q.J.G.S. No. 161.
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lay in contact, one above the other, were unmistakably imbedded,
were full of fine vegetable debris, totally free from any admixture
of marine deposits, and were crushed flat by long-continued gentle

pressure. The metal of which they are composed has been found to con-

sist of 10 parts of tin to 1 part of lead, and they have been pronounced

by Mr. Eranks of the British Museum to be almost certainly Eoman.
The bed in which they were found is about 10 feet below high-

tide line, and vertically lower than the point at which the relics of

bronze-making man were discovered in the clay bed of the adjoining

inlet. This fact alone suggests the necessity of caution in coming to

conclusions on the general question of subsidence.

Old maps of Torbay. such as those of Speed, dated 1610, Saxton,

1675, and Donne, 1765, demonstrate immense encroachments of

the sea in this neighbourhood during comparativelj" recent times.

The ordnance survey of 1809 shows that a road then traversed

Goodrington Sands where the tide now flows ; while the earher

surveyors whose names have been mentioned demonstrate a very

considerable seaward prolongation of the land in Torbay within

the last three centuries. There is little room to doubt that the

Eoman vases in question were lost in Goodrington Marsh at a time

when the beach which dammed its waters was far seaward of its

present position and of the spot where the vessels were found.

Since that time, the beach, receding before the advancing sea, has

passed over the vases, which the waves have, finally, disinterred

from the foreshore.

The vertical position of the vessels, 10 feet below high-water

mark, may be explained by supposing that the fallen trees and vege-

table detritus, filling the Goodrington valley to a depth of at least

70 feet, formed a very compressible mass, and as this became gra-

dually consolidated, the reedy beds growing above the prostrate

forest gradually settled and carried any enclosed objects down
with them.

The same bed of clay which underhes the forest on Preston Sands,

is also present at the same levels at G-oodrington, where, how-
ever, it is generally covered with sand and shingle. In the centre

of the bay there occurs a reef of Devonian shale, C, fig. 1, which is

covered at high, and exposed at low water. Upon either side of

this reef the clay reposes, just as it does upon the Trias reef

immediately below Eedcliffe Towers in the neighbouring bay.

Thence it dips rapidly on either hand, and is soon covered with a

thick layer of peaty matter, as is also the case on Preston Sands.

There is, however, nothing to show whether this bed of clay

passes continuously from the reef under the great depth of forest-

deposits which the Great-Western borings have shown to exist at

the lowest part of the Goodrington vaUey.

With regard to the character of the forest-clays Mr. Godwin-

Austen*, writing in 1842, says that the submerged forest of Torbay

rests on lacustrine mud, which at Broad Sands contains shells of

Paludina impura in great abundance ; while at Goodrington also

* Trans. Geol. See. eer. 2, vol. vi.
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there are traces of lacustrine marl. The writer, on the other

hand, while totally failing to find any freshwater shells in either

of the inlets, has met with Scrohicidaria, Hydrobia, Littorina, and
Melampus, the three former abundantly, in a single but very

limited exposure of the clay only a few hundred yards south of

Eedcliffe Towers. Of these shells, the Hydrohice formed a bed

several inches in thickness, and would have given the idea of

their having lived and died during the accumulation of the clay,

but for the fact that they occur at precisely the same horizon

as living shells of the same species would do. It is quite impossible

to suppose that an estuarine bed of clay which has been elevated to

form the soil of a forest should, upon subsequent subsidence, sink to

exactly the same horizon as it occupied before its elevation ; and it

is probable, therefore, that the marine shells in question flourished

where they were found during some recent but prolonged exposure

of the clay, while the shifting of derived mud during that time

might give them the appearance of being bedded. The clay itself,

when not charged with vegetable matter (which gives it a blue

tinge), or stained at its margins by the red rocks upon which it lies,

is almost white and of an extremely fine, butter-like consistency.

To this excessive fineness must probably be attributed the fact that

the clay is white, while the surrounding drainage-area is composed
chiefly of red rocks. Not the slighest evidence of marine action

is exhibited by the lip which, as already stated, can be traced around
portions of the shallow basin in which the clay accumulated ; and,

in view of this fact, of Mr. Godwin-Austen's positive observation,

and of the possibility of explaining away the rare presence of marine
shells in the deposit, it is probable that the clay is of lacustrine origin.

It is time to consider the question of the supposed subsidence of

the area under consideration in the light of the following facts :

—

1st. That the forest-clay of Preston Sands contains relics of bronze-

making man.
2nd. That the upper, peaty beds of the submerged forest of Good-

rington have yielded E-oman remains.

It has been suggested that the shores of Britain have probably

remained at their present levels for at least 2000 years past ; and if

Dr. Evans', M. Morlot's, and Sir John Lubbock's views may be relied

upon, the bronze age in Britain is not older than 4000 years.

But if, as Mr. PengeUy suggests, Torbay stood at least forty feet

higher than now dm^ing the forest-era, it becomes necessary to

believe that, at some time within the twenty centuries preceding

Eoman times in Britain, the Trias rocks of Preston Sands have
been :

—

1. Submerged for the deposition o£ the forest-clay.

2. Elevated to a height of at least 40 feet.

3. Depressed to their present level.

That a coast which has remained stationary for the last 2000 years

should have made such active use of the preceding twelve or twenty
centuries for the purposes of oscillation, is rather hard of belief.

Either the bronze age must be of unsuspected antiquitv, or the

c2'
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objects to which attention has been

directed this evening must have

been lodged where they were
found while the land stood at ex-

isting levels.

In attempting to answer this

question attention will be strictly

confined to the Paignton-Preston

inlet, a section of which is shown
in fig. 4. The clay-bed is here

only just below high-water mark
at that part of the marshy land

most remote from the sea. It

passes seaward with a very slight

inclination to at least 750 feet

from the shore, that being the

length of the Paignton Pier, whose
piles were all screwed into the

clay. It is covered, inland, first

with coarse sand, among which
are found manj" large cockle-shells

and occasional patches of shingle

;

while, over all, is a layer of blown
sand, the surface of which is some
two feet above high-water mark.

Its seaward margin, being un-

protected by a beach, is in course

of truncation and destruction by
the waves ; but behind the beach

such plants as the water-bistort

(Polygonum) are growing luxuri-

antly, while willows are exten-

sively cultivated in the swampy
soil. It is noteworthy that most of

the trees found prostrate in the

forest-clay are also willows.

The basin in which the clay lies

has a lip which is distinctly visible

in the cliff near Preston Lane, and
whose position on the slopes of

the neighbouring hills is well

known to the village builders.

This stands about seven feet above

high-water mark, and its margin
(as already mentioned) gives no
evidence of having ever been fring-

ed by a marine beach, while the

extreme fineness of the clay itself

attests its deposition in still and
scarcely turbid waters.
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The evideuee in favour of extensive encroachment of the sea in

Torbay is conclusive. Large tracts of land, houses, and roads have

disappeared within the memory of man ; while maps less than 300
years old show, with more or less accuracy, a shore-line hundreds of

feet in advance of the present one. It seems probable therefore that

the Paignton-Preston inlet was once barred by a beach, distant at

least 750, and probably very many more, feet from the present

beach, behind which the land-water accumulated to a height of about

seven feet above the high-tide level, and that in the lake, or mere,

thus formed the forest- clay was laid down. By the breaking down
of the dam, the sea was admitted, covering what is now Paignton

Marsh with coarse sand, to be followed by blown-sand deposits, and
in this way the sea was again expelled to the limits of the present

coast-line. Meanwhile the willows and marsh-plants whose debris

and roots form the greater part of the so-called peat-beds overlying

the clay took possession of the low-lying ground.

Man, as we have seen, was present in the Paignton-Preston inlet

either before the lake in question was formed, living on the " head,"

or inhabiting a pile-dwelling during the deposition of the clay, or

even, if the lacustrine conditions were intermittent, settled on the

clay itself; but, in any case, the suggested explanation makes it

unnecessary to suppose that the bronze-makers of Eedcliffe Towers
were witnesses of those wide oscillations of level which have here-

tofore been associated with the physical history of the submerged
Torbay forests. The topmost beds of these deposits have been shown
to be no older than the Poman occupation of Britain, while their

base dates from the bronze age. If the molar of Eleplias primi-

genius which has already been referred to was really derived from
a seaward extension of the forest lying exposed between tide-marks

in Torbay, then it must be concluded that the mammoth survived in

Devonshire almost down to Poman times, and that he was certainly

contemporary there with brouze-making man.
But it is not necessary to suppose that the same bed of clay and

the same forest were continuous for great distances seaward in

Torbay. Buried forests are, elsewhere, almost always found in tiers,

sometimes, as in the Penland districts, four or more one above

another. At Blackpool, only a few miles from Torbay, Mr. A. B,.

Hunt* has given reasons for believing that one submerged forest

rests upon another ; and these forests might, of course, differ vastly

in age. Similarly there may be forest-beds beneath the waters of

Torbay older than those which are visible on Torre-Abbey, Paignton,

Preston, and Goodrington Sands, and the mammoth's tooth may have
come from one of these. In any case, the submerged Forest of Tor-

bay, and possibly therefore other submerged forests fringing the

English coast, are even more truly things of yesterday than has

hitherto been supposed.

.
* Trans. Dev. Assoc, A. E. Himt, July 1881.



22 Olf RECEN'T DISCOYEETES 12f THE STJBMEEGED EOEEST OF TORBAY.

DiscTrssio]!f.

Dr. H. Woodward said that it was interesting to find that the

copper ingots exhibited by the author closel}^ resembled ingots of

the same metal obtained by llr. PengeUy from Kent's Cavern. The
potter}' from the two locaUties was also similar.

Prof. T. Etjpeet Jo:nt;s doubted the palaeolithic age of the flint-

flakes. Similar flakes have been found on the surface in many parts

of southern England, and are by no means of palaeolithic age.

Prof. T. II'K. Htjghes said that one of the most interesting points

connected with the paper was the explanation of a "submerged
forest " without the necessity for any submergence. He quite

agreed with the author that the damming back of the sea and the

growth of trees below high-water mark behind the dam, furnished

a probable explanation of the phenomena. The occurrence of the

two clays described might indicate two diff'erent periods, and sub-

mergence might have occurred between them. The evidence of the

chips was not of much value, as they might be of any age. The
pottery appeared to be British.

Mr. Blai^eord agreed with the author in his main views, but

wished to point out one difficulty. The supposed tin-smelting

hearths were some 10 feet below high-water mark, and the ground
must have been too wet for smelting, if not actually below water.

Mr. ToPLET expressed his general agreement with the author;

but remarked that similar opinions, as to the recession of shingle-

beaches and the formation of " submerged forests " without sub-

sidence, had been put forward by Mr. Yates, Col. Greenwood, and
others. Where the forest-growth, however, extended to or below
low-water mark, he thought subsidence must have occurred.

The Author thanked Dr. Woodward for his remarks, and for the

access he had given him to similar ingots in the Natural History

Museum. He had used the term " palaeolithic" merely to indicate

the type of the flint fragments. He stated that his paper answered

Mr. Pengelly, who thought that there had been a submergence of

40 feet. With regard to the hearth he admitted the difficulty

pointed out by Mr. Blanford, for there was no doubt that this was
resting on head.
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3. The Cretaceous Beds at Black Ven, near Lyme Kegis, luith some

SUPPLEMENTARY Eemarks oYi tJis Blackdown Beds. By Eev.

W. Doavnes, F.a.S. (Read November 5, 1884.)

Four visits, each of three or four hours' duration, to the same

section and upon almost consecutive days ought to afford the

opportunity for recording somewhat, unless the section be either

one that is void of interest, or already so worked-out as to leave

nothing further to be recorded. In the present case, when among
the previous workers are found the names of Etheridge, Meyer,

De E-ance, Price, and others, it may seem probable that the subject

might have been exhausted. As, however, the writer's experiences

do not quite agree with all that has before been written, and as he

found not a few fossils in a bed hitherto (as he believes) supposed

to be non-fossiliferous, a brief memoir may be of service.

The section in question is about halfway between Lyme Eegis

and Charmouth, in the sea-cliff. Four years ago there had been

a landslip there, which necessitated a reconstruction of the high

road. According to a local informant this landslip revealed for the

first time the presence of a bed of Gault ; but this statement was
certainly erroneous, for fossils from the Gault bed seem to have been

in the Jermyn-Street cases long ere that date. But the landslip

seems to have done some service to geology in making the Gault bed

in one place more accessible, and in causing a new and clean-cut

section of the beds above it to be made in the course of the recon-

struction of the road.

The whole cliff-section may be roughly computed to be 300 ft.,

of which the lower 200 ft. is Lias, and the upper 100 ft. is Cretaceous.

The latter may be subdivided again, as 25 ft. of black loamy clay

at the base, and above it 75 ft. of yellow non-calcareous sand, with

a capping of chert gravel. Further westward the Greensand is

calcareous, bat not at this spot. The Gault is of very much the

same colour as the Lias beneath ; but as the former is pervious,

and the latter impervious, it appeared to be more easy to trace the

boundary with the eye than to traverse it with the feet ; for in the

few places where a ledge is accessible there is a quagmire of black

slush, the result of the outbreak of springs.

Mr. De Eance, as quoted by Mr. Price (' The Gault ' &c. p. 27),

tells us that, " at Black Ven, where it {i. e. the Gault) is best seen,

it is divided from the Cowstones above by a few feet of yellow sand.

A comparison of the fossils from this place with those at Folkestone

tends to correlate the Dorsetshire Gault with the Lower Gault of

Folkestone, rather than with the Upper Gault; in which case, sup-

posing the Whetstones in the Blackdown beds to represent the Cow-
stones, they and other portions of the former may be equivalents, in

time, of the Upper Gault."
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lb is with reference to the above questions that the following

observations are especially made. The fossils found in the Gault by
the writer were 33 in number, and in the following proportions :

—

Lima parallela 10

Inoceramus concentricus 6

Thracia ?, sp 1

Modiola?, sp 1

Pinna tetragona 3
Venus ?, sp 2

CucuUsea carinata ? . . . = 3
Panopaea? 1

Turritella granulata ? 4
Hemiaster ?, sp. (crushed specimens) 2

33

The chief point to be observed with regard to this list is the great

preponderance of Lima parallela, a form unknown in the Blackdown
beds. Inoceramus concentricus, which comes next in point of

numbers, is useless for marking an horizon, as it occurs everywhere
in Cretaceous beds. JS'egatively the absence of Belemnites and of

Inoceramus sulcatus is noticeable in comparing this bed with that at

Folkestone. Of Ammonites, I believe that A. splendens is the only

form hitherto found.

This black bed passes upwards into yellow sand of the ordinary

Greensand type. K'o fossils from the latter have, so far as I am
aware, been yet recorded. I searched long without finding any.

After a while, however, a careful examination of the roadside section

revealed the fact that organic remains had been abundant there,

though the traces of them had in the large majority of cases been
obliterated. In some cases a spiral univalve, e. g., would be trace-

able only by a spiral line of discoloration, which fell to pieces on
being touched with the penknife. Elsewhere, by very carefully

removing the sand, many casts of bivalves were found. The sand
was, however, not cemented in any way. It was simply balled

together like a snowball, and fell to pieces with any but the most
tender handling. Of course very few of such casts coidd be identified.

Indeed, the only form of which I felt really sure was Cyprina cuneata,

which seemed to be abundant. The search was, however, fascinating,

and it led me at last to the discovery of a nest of fragmentary fossils

silicified, and altogether resembling very poor Blackdown specimens.

The nest was a roughly spherical patch in the sand, about 1 ft. in

diameter, the matrix being rather darker and more ferruginous than
the rest. Its origin appeared to be a chemical superinduced change
around a nucleus of some kind. In this little spot I found evidence,

mostly fragmentary, of the following forms :

—
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Cyprina cuneaia (abundant).

Gervillia rostrata (abundant).

CythercBa caperata

Trigonia scabricula

CucuUcea glabra
C. fibrosa

Exogyra

Cardium prohoscideum (3 small

fragments).

Fecten orbicularis ?

P. qxdnquecostatus (fragment)

Tiirritella gro/aulata

Phasianella'2, sp

Serpula.

Sipkonia ?

The spot in which these occnrred was about 50 ft. above the spot

in the Gault where I obtained the other fossils, and in nearly a

straight vertical line above it. All my subsequent endeavours to

find another such nest of fossil remains proved futile; but its

occurrence is a remarkable comment upon the fragmentary character

of geological evidence. But for this little local alteration of the

matrix, affording conditions for preservation, and proving that it had
once been teeming with life, the rock might have been pronounced

altogether barren of organic remains.

In this spot, then, 50 ft. apart vertically, are two very distinct hori-

zons. There is but one (possibly not even one) specific form in common.
That one would be Tarritella granulata; but the specimen from

the Gault-bed is too poor a one for exact determination. The fauna

of the upper bed is a much nearer approach to the Blackdown fauna

than that of the lower, and for this reason as well as from its position, is

probably its equivalent ; but the absence of some of the commonest
Blackdown forms is noticeable. Among the commonest Blackdown
forms is Pectimcidus itinbonatus, and the closely allied ioTm.P.sublcevis

;

these, however, at Blackdown are distinctive of rather high horizons.

One might therefore be justified in reasoning from this fact that the

upper Black-Ven bed might be the equivalent of the lower Black-

down. But joer contra in the Black-Yen bed we have a great

preponderance of Cgprina cuneata, which at Blackdown is distinctive

of a bed intermediate between the two Pectunculus-heds.

The evidence, so far as it goes, seems to show alternation of specific

horizons. It would seem as if inosculations due to changing littoral

conditions occurred among the beds, as before suggested by Prof.

Seeley*, with certainly a general thinning- out to the westward.

Under such circumstances it is questionable if we shall ever be able

to subdivide the Cretaceous beds of the West of England into the

marked divisions of Gault and Upper Greeusand which are applic-

able to the beds to the eastward. The black Lima-parallela bed of

Black Yen is, however, clearly of lower horizon than the lowest of

the Blackdown beds ; for it thins out before reaching Sidmouth, and
apparently immediately underlies the Blackdown series. The
general thinning-out to the westward is very evident. Mr. Hudle-
ston has pointed out that the Lower Greensand has thinned out

eastward of the vale of Wardour, though, according to Mr. Etheridge,

there are some traces of it to be found in the more southerly beds at

Black Yen f. The Gault, as shown in the coast-section, evidently

* Quart. Journ. Geol. Soc. vol. xxxviii. (1882), p. 92.

t Ibid. p. m.
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thins out to the eastward of Sidmouth ; and vaj own investigations at

Blackdown and Haldon will, I think, prove that at least the lower
two thirds of the Blackdown series have thinned out in the hiatus

which separates Blackdown from Haldon.

I will here take the opportunity of saying, as germane to the present

subject, that I have a few additions to make to the list of Blackdown
and Haldon fossils published in the Quarterly Journal of 1882.

In that list, under the head " Actinozoa," appears '' * SmiJotrochus

Austeni (E. & H.) [? Trodiosmilia] T. C." As regards the Black-

down form, I believe it ought to have been written " Trochosmilia

tuherosa (Ed. & H.) T. C. D."; but the specimens are not good, and
Prof. Duncan, to whom I showed them, would not be responsible for

their nomenclature. This species, or one closely approaching it, is

less uncommon at Blackdovm than has been supposed ; but it comes
from an horizon far removed from that of the Haldon corals, and
therefore should not be confused with them. I obtained five

specimens from bed 3 (see tabular view. Quart. Journ. Geol. Soc.

Feb. 1882, p. 84), whereas the Haldon corals, mostly compound
forms, are found in bed 13.

After Inoceramus sulcatus, as Mr. Meyer has pointed out to me,
ought to be added J. semisulcatus.

Nucula pectinata^ Sow., ? variety. This species is referred to

Blackdown in Morris's Catalogue ; but the actual specimen appeared

to have vanished from all known collections. I therefore omitted

this species in my list ; but I have since found it. Mr. J. S.

Gardner considers that my specimen more resembles those from
the Chalk Marl than those from the Gault.

Solarium, clearly allied to S. ornatum, but (as Mr. J. S. Gardner
has pointed out) differing from Folkestone specimens " in the

absence of the distinct row of ribs ivhich extend about halfway across

the upper part of the whorl" The same correspondent informs me
that my specimens very closely approach a form from the Grey
Chalk.

In the list of Haldon corals (p. 91) two of the commonest form?

have somehow been omitted. I allude to Astrocoenia decaphylla

(Ed. & H.) and Isastrcea haldonensis (Duncan).
" Orbitolina-cheit " (bed 15). This, I am now inclined to think, is

no distinct bed, but merely a local variation from an ordinary

chert bed.

I have also to add, from bed 13 at Haldon, Elasmostoma Norma-
nianum, of D'Orbigny. I am told by Dr. Hinde that this is one of

the calcareous sponges, since silicified, and that this species also

occurs at Warminster, and in the Tourtia at Essen-an-der-Euhr.

Discussion-.

Mr. Etheeedge generally confirmed the correctness of Mr. Downes's
section. He stated that a bed of " Carstone," from 1 to 2 ft.

thick, rests on the Lias of Black Yen.
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Mr. Meyer stated that he had not been so fortunate in his visits

to Black Yen as to find the bottom beds of the Cretaceous un-

covered ; nor had he succeeded in finding fossils in the sand above

the Gault. He agreed with Mr. Downes that the Blackdown beds

represent the whole or part of the Gault. He himself had thought

at one time that the Blackdown beds might represent the Gault and
Lower Greensand ; but he had now been led to conclude that the

supposed Lower-Greensand fossils from Blackdown were really of

different species.

The Author was inclnied to regard the Blackdown beds as being

rather Upper Greensand than Gault ; but he did not think the

distinction of Gault and Upper Greensand could be made out in

the western extension of those Cretaceous deposits. The term
*' Gault " had been used in the paper to signify the black argillaceous

bed, and not as a time-limit. There were certainly many Gault
forms in the Blackdown beds.
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4. Note on the E.esemblan'ce of the Uppee Molae Teeth of an

Eocene Mammal (NEOPEAGiArLAx, Lemoine) to -those of

Teittlodon. By Sir Eichaed Owei^, K.C.B., F.E.S., P.G.S., &c.

(Eead ]S"oveinber 19, 1884.)

Shoetlt after the communication to the Geological Society of the

paper on Tritylodon * I was favoured by the author, Prof, Lemoine,
with a copy of his ' Memoire,' " Etude sur le Neoplagiaulax de la

Eaune Inferieure des Environs de Eeims " t. The chief interest of

that ' Memoire ' was, to me, the dental characters of the small

mammal there discovered, especially those of the upper molar teeth
;

while the general characters of the dentition, by their resemblance

to those of the Mesozoic Plagiaidax, are also notably suggestive J.

With a premolar, in relative size, shape, and sculpturing of crown,

so closely repeating the peculiarities of that tooth in our Oolitic

marsupial as to have suggested the generic name of the lower
Eocene mammal of Eeims (Neoplagiaulax), were associated true

molars more nearly resembling, in those of the upper jaw, the

corresponding teeth of Tritylodon than did the teeth of the

geneisi 2Iicrolestes and Stereognathus with which I compared them §.

Eigs. 1-3.— Upper Molars of I^eoplagiaulax eocsenus, Lemoine, after

Lemoine, Bull. Soc. Geol. Fr. ser. 3, torn. xi. pi. vi. Jigs. 17 Uy

17 I, Si^ 17 e.

Fig. 1. Eig. 2. Eig. 3.

^^^^ ^^f ^^^
a

1. From beneath. 2 & 3. From the sides. a. Natural size.

The figures 11 u, 17 I, 17 e, pi. vi, of M. Lemoine's 'Memoire'

appended to the present note, will enable the resemblance of the

upper molars of Neoplagiaidax eoccenus to those of Tritylodon to be

appreciated. In size the diiference is almost as great as that shown
by the molars of Microlestes \\. And here I may observe that, as

the lower molars of Neoplagiaulaar have only two longitudinal series

of tubercles, it suggests a surmise that the lower molars of Tritylodon

may be found to present the same less complex character as com-

* Quart. Journ. Geol. Soc. Feb. 1884, vol. xl. p. 246, pi. vi.

t Bulletin de ]a Societe Geologique de France, 3e serie, t. si. p. 249.

\ Compare " pi. v. figs. 1-3," with figs. 9 and IG, pi- iv. of my " Extinct

Marsupials of England," pp. 75-87, in the ' Extinct Mammals of Australia,'

4to, 1877, p. 75.

§ Locfcit pp. 150, 151.

II

Loc. cit. pi. tI. figs. 8-10 (magn. 3 diameters).
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pared with the upper ones ; and, at the same time, that the rare

detached molars on which the genus Microlestes is founded may be

also those of the lower jaw.

I add the following pai'agraph from the close description by

Prof. Lemoine of the upper true molars of his rare and interesting

fossil :

—

" Molaires superieures (pi. vi. 17-17 his) preseutent trois

range'es de denticules bien caracteristiques."—" La rangee mediane

de denticules se trouve separee des deux rangees laterales par un
sillon assez large. Les rangees laterales de denticules bordent de

chaque cote la couronne ; les denticules en question sont de meme
forme que les denticules medians, mais ils sont plus petits. Kous
avons compte cinq denticules pour chacune de ces rangees " (loc. cit.

p. 260).

Here is indicated the chief difference, besides size, between the

upper true molars of Neoplagiaulax and Tritylodon. In the latter

the tubercles (" denticules") do not exceed three in number in the

middle row and the inner row, and are but two in the outer row

:

and they are of proportionally larger size.

DlSCTJSSIOIS".

The Peeside]S"t expressed his regret and that of the Society that

the care which the author's health now required prevented him at

this season of the year from being present at the reading of the

paper.

Prof. Seelet referred to the discovery by Dr. Fraas of teeth of

the Trias of Wurtemberg, to which he gave the name of Triglyphiis.

Prof. N'eumayr of Vienna had lately pointed out the resemblance

between the teeth of Tritylodon and Triglyplius. He could not

agree with the author in thinking there was any evidence that the

molars of the lower jaw had only two rows of tubercles.

Mr. Ltdekker also doubted the truth of the author's suggestion

concerning the teeth of the lower jaw. He thought that the con-

dition of the teeth in the upper jaw of Tritylodon^ the fourth molar

being less worn than the fifth, pointed to the conclusion that this

form belonged to the Marsupialia rather than to the Eutheria.
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5. Oil the DiscoYEET in one of the Boke-caves of Ceesweel Ceags

ofaportion ofthe Uppee Jaw o/Elephaspeimigei!^ii7s, containing

in situ the first and seconc? Milk-imolaes (right side). By A. T.

Metcaeee, Esq., P.Gr.S. (Eead JN'ovember 19, 1884.)

[Abridged.]

I DESIRE to bring under the notice of the Society a portion of the

upper jaw of Elejohas primigenius, containing 2n situ the first and
second milk-molars, discovered by myself in one of the bone-caves

of Creswell Crags.

It will be remembered that these caves have, during the last ten

years, through the exertions of the Eev. J. M. MeRo, F.Gr.S., been
systematically explored under the auspices of a committee of the

British Association, and that papers describing the caves and giving

the results of the explorations have appeared in the Society's Journal.

The specimen now on the table was obtained by me p)rior to these

explorations. In securing it, therefore, I in no way interfered with
any authorized investigations ; for none had then been set on foot. I

found the specimen in the red sand or cave-earth of the " Pin-hole

Cave," and quite at its entrance. This cave is the most westerly on
the north or Derbyshire side of the ravine, and has been fully

described by Mr. Mello, who gives the following section of its beds

(Quart. Journ. Geol. Soc, vol. xxxi. p. 681):

—

1. Surface-soil, containing recent pottery, bones &c., 1-6 inches.

2. Damp red sand, witli rough blocks of magnesian limestone, quartz,

quartzite, and other pebbles, and numerous bones, 3 feet.

3. Lighter-coloured sand, consolidated by infiltration of lime. 'No bones (?).

Sir Eichard Owen has very kindly undertaken to describe my
specimen. He informed me some time ago that the j^ational Collection

had evidences of all the phases of dentition of the mammoth except

the earliest, which is exemplified in the small anterior tooth in the

portion of jaw discovered by me, and that the true value of my
specimen would be its completion of the series now arranged for

public instruction in the British Museum. I naturally feel that

a suggestion from such a high quarter cannot be disregarded,

and, in accordance therewith, I have undertaken to present the

specimen to the British Museum.
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6. ISToTEs on Eemains of Elephas peimigenitts from one of the Cees-

WELL BoNE-cAYEs. By Sir EiCHAED Owen, K.C.B., F.R.S.-

E.G.S., &c. (Bead November 19, 1884.)

Ctjviee, in his chapter " Sur les Elephans Eossiles " *, notices a

fossil molar tooth discovered at Eouvent as having come from a

very young individual and as being '^ une vraie molaire du lait ;" a

figure of the grinding-surface is given, of the natural size, in pi. xii.

fig. 2. The antero-posterior extent of that surface is 22 millim.,

the extreme transverse extent is 13 millim.

The difference of size between the tooth figured by Cuvier and

that preserved in the jaw in Mr. Metcalfe's specimen is such as to

suggest one of specific value ; but the greater degree of wear to

which the Cressweil-cave fossil has been subject, during life, and

the inability to compare it with the original of the figure above cited,

prevents such conclusion. The second detached molar figured by
Cuvier, and noted as a " second molar of a young mammoth," shows
no such increase of size : it is stated to have been derived from the

environs of Toulouse.

Subsequent figures and indications of the first and second molars

ascribed to Elephas primigenius represent, like Cuvier's, detached

teeth or tooth-crowns, leaving it undetermined whether they be from
the upper or the lower jaw.

In the account of the succession of the molar teeth of the existing

Indian Elephant, the first molar, upper jaw, has a crown 20 millim.

in antero-posterior diameter, 13 millim. transversely; the crown
consists of four principal plates and a fifth smaller one, or " talon " f.

That the Elephas primigenius had a similar first grinder of the series

was indicaied by the socket in the lower jaw, from brick-earth at

Ilford, Essex %. A reduced view is given of the crown of the second

molar, lower jaw, from Kent's Hole, showing eight transverse

plates and a talon §.

The specimen which Mr. Metcalfe has kindly submitted to me
(figs. 1 & 2) is the first I have seen which demonstrates the cha-

racters of the first and second upper molars in situ. It is a portion

of the fore part of the maxilla, showing the bony palate, with those

teeth of the right side ; the corresponding sockets and teeth of the

left side are broken away. The two molars have a longitudinal

extent of three inches and one line (= 78 millim.). The worn sur-

face of the foremost has a length of 14 millim.; that of the second

molar of 50 millim. ; but the entire length (fore and aft) of this

tooth is 2i inches (= 62 millim.), the two hindmost divisions of the

tooth not having risen into use.

* Recherches sm^ les Ossemens Fossiles, ed. 8vo, 1834, tome ii. p. 175.
t Odontography, 4to, 1845, p. 632, pi. 148, fig. 2.

X British Fossil Mammals, p. 223.

§ lb. p. 224, fig. 87.
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Pig. 1.— Under or palatal view of a portion of the forepart of the

Maxillary Bones of Elephas primigenius, with the Grinders of
the right side. (J^atural size.)

d^, d.^. First and second grinders. a. Worn root of first grinder.

Pig. 2.

—

Outer side view of a "portion of the Bight Maxillary, with

the first and second Grinders c/ Elephas primigenius. (Natural

size.)

a. Worn root of first grinder. d^, d^. Grinders.
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The worn, flat, and smooth surface of the first molar in annexed
sketch (Pig. 1, d^ shows the foremost plate almost worn away

;

the second plate retains a feeble indication of two of its mammilloid
prominences ; the third and fourth plates have, each, indications of

four such prominences ; hut their grinding-surface has been worn
down to a hind " talon,"' which liad just come into use. The original

unworn or little-worn surface of this molar would have nearly the size

of the tooth from Pouvent, and indicates that to have come from
the upper jaw. The roots of the more worn molar in the Cresswell

specimen are fully developed : the anterior one (Fig. 2, ci) extends

in a forward curve, with its closed end 13 miilim. in advance of the

part of the crown it supports. The crown has been worn down to a

subtriangular figure with the apex forward; the breadth of the

grinding-surface near the base is 15 miilim. The greatest breadth of

the second molar {d^ where the hinder root begins is 1^ inch

(= 32 miilim.). Of this tooth, the fractured surface of the right

maxillary exposes three roots, the first and second diminishing to

their almost closed ends ; the common, widely open pulp-cavity of

the hinder root is also exposed ; its subsequent division into an outer

and inner fang is indicated.

The specific distinction from Elephas indicus is shown, in the

present portion of Elephas primigenius, by the greater relative

breadth of the second molar, especially towards the base of the

crown.

The thickness of the constituent enamel-clad plates is but little

less in proportion to the mass of the crown than in the larger variety

(" Dauntelah " of Corse) of Elephas indicus. But these plates show
their specific proportions in a more marked degree as the subsequent

progressively larger molars are acquired.

The portion of the bony palate owes its transverse concavity

chiefly to the development of the inner wall of the molar sockets.

The broken surface above that plate gives indications of pneumatic
cavities.

In contemplating this rare relic I have not been able to suppress

sympathy with the unhappy juvenile British elephant, which, long

ages ago, fell a prey to some dire contemporary spelaean carnivore,

by whose jaws the immature skull has been reduced to fragments.

DlSCTJSSIOl^.

Mr. Ltdeekee said that there was some ambiguity about the

terms first and second milk-molars ; they are better termed ante-

penultimate and penultimate. There may be another anterior

milk-tooth abnormally developed, and one specimen of the African

Elephant in the British Museum apparently c(5ntains this tooth.

The specimen now exhibited and described is not, however, the

only one with the milk-molars in situ; there is another in the

Bright collection from the opposite side of the upper ^jaw, but from

an unknown locality.

Q.J.G.S. No. 161. D
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Prof. Seelet stated that a specimen of the full first dentition of

EUjoTias primigenius, comprising the teeth of both upper and lower

jaws, found in the gravels of Barnwell near Cambridge, was formerly

in the Woodwardian Museum. It was lent to the late Dr. Falconer,

and after his lamented decease it could not be found.

Dr. H. Woodward stated that a specimen of MepJias antiquus,

with milk-molars in situ, existed in the Museum of Practical

Geology. He was not quite certain whether the specimen on the

table did not belong to the same species. The specimen in the

Bright collection is also labelled E. antiquus. Young teeth of

E. primigenius have been found in abundance at Ilford and elsewhere

in the Thames valley, all proving that the animal was indigenous in

Britain. The specimen exhibited was of gTeat interest as its exact

locality was known.
Mr. E. T. Newton remarked that the specimen in the Museum of

Practical Geology was similar to that on the table, but it was very

difficult to distinguish between the young molars of the two species

referred to without careful comparison.

Mr. Metcalee expressed his thanks to Sir Eichard Owen for

his kindness in describing the specimen, and to the Pellows

of the Society for the manner in which they had received this

communication

.
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7. On the Stratigeaphical Positions of tlie Teigoni^: of the Lowee

and Middle Jueassic Beds of j^oeth Oxfoedshiee and adjacent

DisTEiCTs. By Edwiit A. Walfoed, Esq., F.G.S. (Read

jN"ovember 19, 1884.)

[Plate I.]

A WELL-defined family of the Mollusca making its appearance and

attaining its maximum development within a limited geologic

period must necessarily be of exceptional interest to the palseonto-

logist. Such a family, the Trigoniae, though from their irregular

dispersion and less vagrant habit inferior to the Ammonites as

stratigraphical guides, supply nevertheless no unimportant evidence

thereon, finding, as they do, a birthplace in the lower beds of

the Lias, and in the Inferior Oolite leaping into such numerical

luxuriance that Dr. Lycett has well described it as " a very metro-

polis of the Trigoniae." Though fairly represented in the higher

Jurassic series, yet with gradually diminishing importance notwith-

standing a brief JN'eocomian revival, they range through the j\Ieso-

zoic period, and now in Australasian seas linger as the remnant of

a once dominant race.

In wealth of individual forms as weU as in number of species the

narrow Jurassic area of Iforth Oxfordshire stands prominent. As
elsewhere, the Lias species are few.

LiAssic Species.

Teigonia LESTGONEi^sis, Dumort.—In the zone oi Ammonites Henleyi

of the Middle Lias of Banbury a doubtful cast of this species has been
found. I have recorded it also from the zone of Ammonites spinatus *

at Kings Sutton and Aston-le-Wall, localities on the borders of jS'orth-

amptonshire. At Preston Capes, in Northamptonshire also, it has

been collected by Miss Baker f.

Teigoxia noethamptoi^ensis, nov. sp. (PI. I. figs. 4-7.)

The few immature forms of this species which had come under

my notice until quite recently caused me to refer them with some
degree of hesitancy to the Yorkshire shell T. literata, T. & B. The
adoption of a new name has seemed necessary under the additional

light thrown by the acquisition of a better-developed series of

examples and by an expression of opinion from a palaeontologist

of wider experience than myself. Though perhaps the differences

between the two forms may to some extent be due to regional varia-

tion, yet we have to remember that in the course of the Lias from
Yorkshire through Lincolnshire and Leicestershire, no connecting

link seems to have been met with.

* " On some Middle and Upper Lias Beds in the Neighbourhood of Ban-
bury," by E. A. Walford (Proc. Warwicksh. IVat. & Arch. Field Club, 1878).

t "On the Middle Lias of N. Grloucestershhe," by the Eev. F. Smythe, MA.
(Proc. Cott. Nat. Club).

d2
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Shell ovately trigonal, moderately convex, umbones erect, pointed

and antero-mesial. The specimen (fig. 5, PI. I.) measures in height
11 inch, breadth 1§ inch, depth through both valves -i-| inch. An-
terior side produced and curving somewhat steeply to meet the lower
border ; superior border slightly convex, making but a faint angle

with the lower-area border. Inferior margin of the shell rather

straightened. Escutcheon concave and lengthened. Area convex,

occupying about a quarter of the surface of the shell. Marginal
carina depressed and not prominent ; mesial line of the area indi-

stinct ; area covered with fine transverse lines. The nearly perpen-

dicular costae, about ten in number, proceed from the . marginal
carina downwards, beginning near to the umbones ; they are boldly

marked until they reach the transverse subtuberculate costse pro-

ceeding from the anterior margin. The transverse costse dip gently

downwards from the anterior border. Traces of transverse striae

cover the better-preserved portion of the surface.

The example described is much less convex than T. literata, and
in the ornamentation the perpendicular costae are not prominent
over more than a third of the surface, whereas in T. Uterata that

series occupies its larger portion.

A second group of shells (figs. 4, 6, 7, PI. I.) presents many
points of divergence from the form just described. In some of

them, as in figs. 6 & 7, the outline is more oblique, and the anteal

costse are either reduced to insignificant proportions, or are appa-

rently absent. This condition much resembles the type of shell

figured by Lycett (pi. xiv. fig. 4, Brit. Foss. Trigonise), who speaks

also of the very variable ornamentation of T. Uterata. The per-

pendicular costse of this variety of Trigonia northamjotonensis enlarge

as they pass downwards from the marginal carina, and cross towards

the anterior or lower border.

Eig. 4 presents an intermediate stage between the forms repre-

sented by figs. 5 & 6. The anterior tuberculate costse are seen

curving slightly downwards, transversely, towards the posteal series,

the space between the two series being occupied by a few scattered

tubercles.

Trigonia navis, Lamk., has a more trigonal contour, and a nearly

vertical anterior border. The Northamptonshire shells appear to be

local representatives of the group Scaphoidse, finding a place some-

where between T. navis, Lamk., on the one hand, and T. Uterata,

T. & B., on the other. Their state of preservation is far from

satisfactory : the soft test has peeled off more or less by adhesion

to the tenacious blue clays in which the shells are imbedded, and

this has in nearly every case destroyed the beauty and prominence

of the ornamentation. Perhaps the finding of better examples

may ultimately allow the two varieties figured to be recognized as

species.

I am indebted for my specimens to Mr. B. Thompson, E.G.S., of

ISTorthampton, who has been describing the Lias deposits of the

county. The Trigonice were obtained from Moulton, near North-

ampton, and rough casts have also been found at Bugbrook in the



POSITIONS OP THE TRIGONI^ OP NORTH OXFORDSHIRE, ETC. 37

same county. The interest of the discovery is further enhanced by
the recognition of the exact horizon of the fossil, at nearly the top

of the Upper Lias and below Mr. Sharp's stage E of the Northampton
Sand. Mr. Thompson's notes on its position agree with my own.

He writes, " The shelly band, a few inches in thickness, is about two
feet below the junction (with the Inferior Oolite) where now work-
ing ; but the men say it dips so rapidly on each side of its present

position that they had met with it in the same pit thirteen feet

below the junction." The associated fossils are Ammonites hifrons,

Brug., Gresslya donaciformis, Phil., Inoceramus duhius, Sow., Pro^

tocardium substriatulum, d'Orb., Cucullcea, sp., &c.

Teigonia pulchella, Ag.—This also, an Upper Lias form, has

been recorded from the neighbourhood of l^orthampton, though only

as a Drift fossil*. Probably ere long we may hope to have a record

of the discovery of the species in situ, as a layer containing small uni-

valves {Ceritliium, &c.), similar to those found by Mr. W. D. Carr,

in the Upper Lias of Lincoln t associated with T. i^'^dcheTla, has

already been noted by Messrs. Thompson and Crick. The Lincoln-

shire horizon of T. pidchella appears to be much lower than that of

T. northamptonensis, the former being at the base of the Leda-ovum
beds, the latter towards the top.

Lneeeior Oolite Species.

The Trigoniae of the Northampton Sand have been catalogued by
Mr. R, Etheridge, F.E.S.J, and by Mr. Sharp, E.G.S. § It should,

however, be borne in mind that the Inferior Oolite of Oxfordshire

neither satisfactorily agrees with the " Northampton Sand " on the

one hand, nor allows of easy correlation with the Cotteswold type

on the other. Inasmuch as the latter series has presented many
points of relationship, I have attempted a comparison ||, and have
summarized the matter in the following table, here slightly

altered :

—

* "On the Drift deposits of Wymington," by W. D. Crick (Northampton
Nat. Hist. Soc. Proceed. 1883).

t " On the Lincoln Lias," by W. D. Carr (Geol. Mag. April 1883).

X Appendix to Prof. Judd's Gaol. Rutland, by E. Etheridge, F.R.S. (Mem.
Geol. Surv. 1875).

§ "Oolites of Northamptonshire," by S. Sharp, F.G.S. (Quart. Journ. Geol.
iSoc. vol. xxvi. p. 388).

!|

" On the Eelation of the so-caUed ' Northampton Sand * of North Oxford-
shire to the Clypeus-grit," by Edwin A Walford, F.G.S. (Quart. Journ. Geol.
Soc. vol. xxxix. p. 224).
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As far eastward as Chipping Norton and Eawler, in N.W. Oxford-

shire, the continuity of the upper beds of the Inferior Oolite of the

Cottes^vold type (the Eagstones or Clypeus-grit) is easily traceable.

J^orth-eastward of these points, however, so widely different are

the conditions of deposit that Mr. Hudleston has well said * :
—" The

beds of this region have a type of their own, and it is no nse trying

to force them into the ready-made clothes of other districts.''

The bed (C') at the bottom of the Clypeus-grit (C^) at Pawler,

and that at the base of C at Hook jN'orton are similar lithologically,

and both contain an abundance of concretionary and derived

fragments. Associated with these in each locality are corals of

similar species, blocks of limestone covered with oysters and

pierced with Litliodomi, numerous shells such as Astarte minima^

Ostrea Marshii, Isocardia, sp., Trigonia producta, T. costata, and

T. angidata. With so many features in common, it will be safe to

assume the connexion of the seas of these areas with each other at

the time of the deposition of the bed, whilst the irregularity of its

occurrence at Pawler, where the bed rests, as at the Duckpool-Earm
cutting, near Hook I^orton, ujjon the Upper Lias, points also to

long and continued erosion in the antecedent period. The classi-

fication of these bed^ with the zone of Ammonites ParJcinsoni on
the one hand, or the zone of Ammonites Humpliresianus on the

other, will depend much upon whether we look to the Cotteswold or

to the Dorset types for comparison. The fauna is that of the Lower
Trigonia-grit, a division, according to Dr. Wright, of the zone of

Ammonites ParJcinsoni, but placed by Mr. Witchell f in the zone of

Ammonites Humphresianus. If the remains of the bored bed
represent, as seems to be probable, the well-known Upper Preestone

bed, then it would point to the destruction of that stratum prior to

the formation of the lowest bed of series C.

The ' Supplementary Monograph on the British Possil Trigonise,'

by the late Dr. Lycett, published in 1883 by the Palaeontographical

Society, has done much to increase our knowledge of the strati-

graphical position as well as of the species of the Oxfordshire

Lower Oolites. Some additional information accumulated since the

materials were sent to Dr. Lycett in the early part of the year

1882 has induced me to proffer these notes to the Society.

Tm&oisTEA Beodiei, Lye, a pretty little local species, is not un-

common in the Lower Inferior Oolite beds A and B\ Its occurrence

in any higher stratum is doubtful. It is nearly allied to T. formosa,

Lye, of which it may possibly be a local development. The pro-

minent distinguishing feature between the two species consists in

the more vertical position of the lower costse of T. formosa. The
beds A and B seem to represent the zones of Am. jurenms and
Am. MurcMsonce.

* " Eeport of the Excursion of the Geologists' Association to Chipping
Norton," by W. H. Hudleston, M.A. (Proc. G-eol. Assoc, vol. v. no. 7, p. 9).

t 'Geology of Stroud,' by E. Witchell, F.G.S., p. 57. Stroud : 1882.
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Teigoxia eoemosa, Lyc.—Though it may appear unsatisfactory

to class T. Brodiei. T. formosa, and T. striata from the same
horizon and locality, yet certain well-developed shells of the
" Brodiei " type pass away into forms which agree so well with

moderate-sized examples of T.formosa that it seems to be necessary

either to make 2\ Brodiei a variety, or to admit the former into

the Oxfordshire list. Locahty : Hook Norton, beds A and B^

Teigonia steiata, Miller, is found sparingly and in an indifferent

state of preservation in the beds A or B^ of Otley Hill. In Glouces-

tershire, according to Wright *, it occurs in the " Cynocephala

stage," whilst Lycett records it from the zone oiAm. HumpTiresianus

only, referring the shell from the lower zone to T. formosa,

T. striata is catalogued as common in the Lincolnshire Limestone.

Other Survey Memoirs f quote it from the Great Oolite.

Teigonia signata, Ag.—The four varieties of this species figured

by Dr. Lycett in his Supplementary Monograph, occur in an
admirable state of preservation in the higher divisions of the

Inferior Oolite of North Oxfordshire. In the beds C of Hook
Norton the first forms appear associated with Astarte minima,
BJiynchonella spinosa^ and many other species of mollusca, but they

become the dominant fossils in the superior stages of other localities.

The matrix of the latter stages is either sandy or an intensely hard

compact siliceous limestone, from which the extraction of the shells

is exceediugly difficult. A bored bed occurs above the Upper Tri-

gonia-layer at Hook Norton. Some undescribed forms of Trigonice^

to which I shall presently allude, were procured by me some years

since from the Trigonia-bed at Sharpshill near Hook Norton. At
the Priory Farm by Chipping Norton and at Grayton Quarry near

Whichford numerous specimens of the several varieties may yet be

obtained, but in other localities they are now rare. T. signata, var.

Stutterdi, and var. decurtata, have both been found in C of Hook
Norton and Otley Hill ; and though Dr. Lycett has referred the

former to the superior beds, probably it would be better to restrict

the varietal name to the shell of the lower beds (figs. 9 and 10,

pi. ii. Foss. Trig., Supp. 2), which is like those found at Cold Com-
fort near Cheltenham, and distinct from its allies of the later

deposits. T. signata, vars. Zietenii, rugulosa, and decurtata, occur

in the higher series.

Though in Yorkshire T. signata belongs to the zone of Ammonites
Humphresianus, in the soath-west of England Lycett gives the Upper
Trigonia-grit as its only horizon.

Teigonia sprNTJLOsA ?, Young and Bird.—A solitary and, unfor-

tunately, imperfect example from bed B^ of Hook Norton has many
points of resemblance to the shell figured by Lycett (pi. iii. fig. 6,

Brit. Foss. Trigonise). The tubercles are more distinct than in any

* ' A Monograph of the Lias Ammonites,' by Dr. T. Wright, F.R.S., p. 146
(Mem. Pal. See. 1879).

t ' On the Geology of the country around Banbury,' by E. Hull, F.G.S.,

pp. 24, 25 (Mem. Geol. Surv. 1864).
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Yorkshire specimen in my cabinet. There is also a general tendency

to an upward curvature of the rows of costce, which places it in near

relationship to T. formosa, from which, however, it differs in the

marked isolation of the tubercles anteally and their evanescence in

its lower half.

Teigoxia ^JtloRETONi, var. oxoNiENsis, Mor. & Lj'C, seems to be

confined to the beds C of Hook Norton and Otley Hill. Young forms

of T. angulata are difficult to distinguish from this little shell. T,

Moretoni, according to Etheridge, is found rarely in the Collyweston

Slate, and in the lower zone of the Great Oolite it seems to be well

known generally.

Trigonia AN6TJLATA, Sow., occurs not uncommonly in and imme-
diately above the coral bed (C) at Hook Norton and Otley Hill, and

also at the bed at the base of the Clypeus-grit (C^) at Pawler and

Bright Hill. The ornamentation of the species is very variable.

Lycett and Witchell cite it from the Oolite Marl, and also from the

various beds of the zone of Ammonites Paricinsoni in Gloucestershire.

Trigonia clapensis of Terquem and Jourdy*, from the ^'Paricin-

soni " zone of the basin of the Moselle, appears to resemble very

closely some Oxfordshire forms I have classed as varieties of T.

angulata. According to Lycett T. clapensis is a synonym for

T. Moretoni.

Trigoi^ia Gtjisei, Lye, appears to belong only to the base of C.

I have a large specimen, measuring three inches in height, found in

situ in the bottom bed of the Duckpool-Earm cutting, where the

lower zone of the Inferior Oolite is wanting. This caused Dr.

Lycett to refer it in error to the "lower beds of the formation."

Its Oxfordshire horizon is in reality that of the Lower Trigonia-grit.

The species is allied to T. Paricinsoni, Ag., and T. angulata, Lye.

Mr. AVitchelL's specimens, which I think should scarcely be classed

with the Oxfordshire shell, are from the Clypeus-grit.

Trigonia peoducta. Lye, finds its home in the Hook-Norton area.

Though appearing in the Coral bed, it is better showm in a higher

band of ironshot limestone (no. 22 of my detailed section t), also in

series C. At the base of the Clypeus-grit (C^) at Pawler, at Bright

HiU near Long Compton, and in the siliceous limestone of the Tri-

gonia-bed at Sharpshill it occurs also. Under a modified form it

again appears at the base of the Fuller's Earth J: in a railway-cutting

near Bourton-on-the-Water, Gloucestershire. The test there is

thinner than that of the Oxfordshire T.producta, and in its ornamen-
tation as well as contour it approaches T. Painei, Lye, an abundant
shell in the stratum on which the clays of the EuUer's Earth rest.

* " Monographie de I'etage Bathonien dans le departement de la Moselle," par
O. Terquem et E. Jourdy. Mem. Soc. Geol. de France, 1869.

t " On the Eelation of the so-called ' Northampton Sand ' of North Oxford-
shire to the Clypeus-grit " (Quart. Journ. Geol. Soc. vol. xxxix. p. 230).

J Derived probably from the stratum below. Forms more nearly referable

to T. suhglohosa. Lye, are there associated with T. Fainei. A similar shell

occurs in series C at Hook Norton.
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The abundance of rolled nodules, covered often by fine colonies

of Serpujae, and also pierced by boring shells, point to a pause in

sedimentation prior to the deposition of the clays of the Fuller's

Earth. In the south-west of England T. producta is confined to

the Trigonia-grit.

Trigonia approaching v-costata, Lye.—Both T. v-costata and
T. conjungens must be catalogued as doubtful species of the jSTorth

Oxfordshire area. The former is common in the lowest bed of the

Inferior Oolite at Moulton near J^orthampton, and is found also in

the Lincolnshire Limestone of the Midlands. In Yorkshire it occurs

in the Dogger, and in Gloucestershire in the Oolite Marl and Trigonia-

grit. T. sharpiana, Lye, with which this species is often associated

in the Dogger and Northampton Sand, I have failed to recognize in

Oxfordshire, though in the " Cynocephala stage " of Yeovil Junction,

I have collected what appear to be but slightly diverging forms.

Teigonia AEDUEio-Ay E. & S.—The fragment from Hook Norton,
figured by Lycett in the last supplement, is, so far, the only record

of this early Bathonian species of Rigaux and Sauvage.

Teigonia Ltcettii, nov. sp. (PI. I. figs. 1 & 2.)

Shell ovately trigonal, convex, height of full-sized specimen IJ
inch, breadth Ig inch, width of area ^g- inch. Umbones slightly

recurved, antero-mesial, anterior border moderately produced and
curving gracefully with the lower border, hinge-line straight, length

rather more than half the height of the shell and sloping steeply

downwards ; costse about sixteen, solid and unbroken in the earlier

stages, cord-like on the lower two thirds of the valve ; the first

four or five pass with but slight downward curvature over the

surface, and form knots at the carina, passing also with slight Y-
shaped inflexion over the area and somewhat less prominently over

the escutcheon also. The other costse sweep downwards, curve with

the lower border, break and are replaced by a few tubercles in the

middle third of the valve, and then, becoming solid and very much
thickened, pass upwards at a high angle to the carina, across which
they (the costse) pass with bold undulation. The area has a slight

median inflexion or line only, and is crossed everywhere by the

thick costae which pass over it without interruption. There are,

however, indications of fine costellse at the posterior part of the

area. The ante-carinal depression is so pronounced in one specimen

as to form a double row of nodulations, one row upon the carina

and another row upon the anterior side of the furrow resembling

the nodulations of T. arduenna, E. & S.*, as figured by Messrs.

Eigaux and Sauvage in their excellent memoir. The escutcheon

is shallow and lengthened.

Figure 1 shows the normal and typical form. The other example

(fig. 2) is almost distinct enough for a varietal name. In it the

^ " Descr. de quelques especes nouvelles de I'etage Bathonien du Bas
Boulonnais " par E. Rigaux et E. Sauvage. Mem. Soe. Academ. Boulogne,

1867, Yol. iii. pi. iv. fig. 4.
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costae are not only much thickened, but pass with slight interruption

and with strong undulation from the anterior edge of the shell over

the carina, where they are much enlarged, and across the area to

the posteal border.

The species is related to Trlgonia undulata of Agassiz *, from

which it differs in the peculiar irregularity of its ornamentation.

At Sharpshill quarry near Hook Norton I have found this

species in a bed of exceedingly hard siliceous limestone of the

Inferior Oolite crowded with T. signata and yielding also Ammonites
Parhinsoni. At Hook j^orton fragments occur in the same horizon.

The matrix at Sharpshill is so intractable that it is a matter of the

greatest difficulty to extract specimens.

I have named the species Trigonia Lycettii as a slight tribute to

the memory of that veteran paloeontologist the late Dr. J. Lycett.

T. Lycettii, var. corrtjgata. (PI. I. fig. 3.)

The contour of this variety is similar to that of the previously

described form, fig. 1. The shell, however, is larger, the measure-
ment being 2| X 2| inches. The costse are finer and much more
numerous, about twenty-four, the first five or six only being

unbroken ; those succeeding them descend steeply from the anterior

margin, whilst the lowest set, in confused arrangement, curve

irregularly with the lower border. They are cord-like and knotted

at the anterior ]3art of the shell, passing into scattered tubercles

towards the middle (or vanishing), and then, thickening, ascend

steeply towards the carina in straight or slightly undulating

tuberculate or plain ridges. An ante-carinal furrow causes the

costse to wave before passing over the carina. Area concave, covered

by bold continuations of the costse, which are knotted slightly on the

carina and parted in the middle of the area by a depressed vertical

line.

Locality smd position.—Inferior Oolite, Sharpshill, as before.

Trigonia conjttngens, Phill.—Specimens from beds C, of Hook
Norton, and from the Clypeus-grit of Over Norton, seem to justify

its mention here, though I catalogue the species with considerable

doubt. It appears in Beesley's lists f of Hook-Norton fossils together

with T. Phillijpsii, Mor. and Lye, T. v-scripta &c.

Trigokta duplicata, Sow., appears only as a badly preserved shell

inside a valve of T. signata. Its position is probably L), Hook Norton.

I have in my cabinet a fine example from the zone of Am. Parhinsoni

at Avoncliffe. Lycett quotes it from the Upper Trigonia-grit also.

Teigonia gemmata. Lye. The figure in the left-hand corner of

pi. ii. of supp. no. 2 to the Brit. Trigoniae should both in text and
plate appear as no. 6, not no. 8. Both it and a pretty little varietal

form in my collection have been derived from the lower part of

* Mem. sur les Trigonies, tab. x. fig. 14-16.

t " On the Geology of the Eastern Portion of the Banbury and Cheltenham
Direct Hallway," by Thomas Beesley, F.C.S. Proc. Geol. Assoc, vol, v, p. 7.
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series C^ at Hook Xorton. Its Cotteswold position is the Upper
Trigonia-grit.

Teigonia Beesletais^a, Lye, appears to be restricted to the sub-

zone of Am. Soiverbyi at Coombe Hill, near Banbury, whence many
specimens have been collected. The beautiful shell so well delineated

in Lycett's Brit. Poss. Trigonise, pi. xvii. fig. 4, has been in my
collection for nearij^ fifteen years.

Tkigoot:a cosiata, Sow., begins with a representative of the

T. sculpta type at the top of series B, and ranges through C at Hook
JS^orton and Otley Hill and through the Clypeus-grit in the various

Oxfordshire localities, where it attains a fine development. Wright
quotes the species from the zone of Am. jurensis^ and Etheridge from
the Lincolnshire Limestone, whilst Lycett gives its Cotteswold stages

from the Eagstones upwards.

Teigonia pullus, Sow., appears in bed B^. In series C also at

Hook l^orton many small and a few average-sized specimens have

been found. Its range through the other beds is demonstrated by
fine local examples from the Stonesfield Slate, the upper zone of the

Great Oolite, and the Forest Marble ; Lycett gives it from the zone of

Am. Murchisonce upwards.

Teigonia i)e:n^tictjlata, Ag., ranges from C to E, and exhibits, in

Hook-Norton shells especially, the delicate ornamentation of the

area in a beautiful state of preservation. In the West of England,

according to AYitchell *, it begins in the " Cynocephala-beds " ; other

lists show that it apparently survived through the Great Oolite

period.

TEiGoinA SCULPTA, Lyc, makes its appearance in well-developed

forms at the top of bed B^ at Hook Xorton, and in series C at Sbarps-

hill is more doubtfully recognized, associated with Gervillia Icevis &c.

It ranges through the whole of the British Inferior-Oolite zones.

Teigonia Windoesi, Lye, lias hitherto been recorded only from C
of Hook I^orton. Young specimens of T. Painei, Lye, from the

earthy limestone at the base of the Fuller's Earth near Bourton-on-

the-Water, come near to this little shell.

Geeat Oolite Species.

Teigo^^ia impeessa, Sow. Stonesfield Slate, Stonesfield.

Teigo^^a tjot)Tjlata, Fromh. Great Oolite (lower zone), Culworth,

jS'orthamptonshire, and at Milton and Tainton Down near Burford,

Oxon. The Trigonice at Culworth are associated with Ostrea Sowerhyi

and Rhynclionella mncinna in some limestone courses which alternate

with beds of marl.

Teigonia MoEETOifi, Mor. & Lye. Stonesfield Slate, Stonesfield,

Great Oolite, Kirtlington, Oxon and Buckingham t, and Forest

Marble, Islip and Kidlington f.

\
* ' G-eology of Stroud,' by E. Witchell, F.G.S., p. 35. Stroud, 1882.

t ' Geology of the Country round Banbury ' &c., by A. H. Green, Mem. Geol.

Survey.
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TRiGOiSriA PiTLLUS, Sow. Stonosfleld Slate, Stonesfield, upper zone.

Great Oolite, near Banbury, and Forest Marble, near RoUright.

A beautiful costate species from the upper zone of the Great Oolite

at Capps Lodge, near Burford, furnishes an instance of the difficulty

of finding names for the whole of the varied forms of the group. Mr.

W. H. Hudleston, F.R.S., F.G.S., has kindly allowed me to examine a

specimen more perfect than any in my own cabinet ; and from it

the following description has been written :—height If inch, width

1J inch, breadth of area 1 inch, breadth of escutcheon | inch, depth

of unitedValves Ig inch. The breadth of the area is thus two thirds

that of the costated part of the shell. The umbones are pointed and

recurved. The anterior border is first curved and then slightly

straightened as it sweeps towards the lower border. The costse, 27
in number, are prominently elevated with sharp ridges and deep

interspaces, undulating slightly as they curve gently downwards
and then cross transversely towards the carina. The marginal

cariDa is greatly elevated, in the lower part of the shell as much as

-i inch above the costse ; it is also boldly denticulated. The area is

divided by a tuberculated median carina in the left valve, with a

corresponding groove in the right valve and a prominent adjacent row
of costellse. It is ornamented by four rows of costellse, which are

decussated by transverse markings. The escutcheon is ovately cor-

date and is bounded by prominent tuberculate or denticulate carinse.

It has a raised cushion-like centre and numerous longitudinal lines.

The area is concave.

It differs from T. elongata in the want of convexity near the

carina, and also in its wider form ; the area, however, has much
similarity. The escutcheon is not that of the ordinary type of

T. puUus, and the area is larger. Though it seems to find a place

between the two species, it will suffice for the present to look upon
it as a variety of T. pullus.

Trigonia Painei, Lye, is found in the Great Oolite of Groves
Quarry, Milton, near Burford, though it does not there exhibit the

massive ornamentation of the Inferior-Oolite and FuUer's-earth forms

previously mentioned p. 41.

Trigonia, sp.—Height IJ inch, breadth 2 inches. Shell convex.

Umbo slightly recurved, antero-mesial. Surface covered with about

twenty bold slightly waved costae, which cross the shell with but a

slight curve toward the lower margin. The lower seven costse, when
about a third of their length distant from the carina, are crossed and
nearly obliterated by three bold rows of nodulous costae bearing

downwards almost vertically from the carina. The area takes up
about a third of the shell and is convex posteriorly. Anteriorly the

strong costse cross the area, but appear to pass into fewer striae in

the lower half of the shell. It is so much like the shell figured by
Morris and Lycett on tab. v. pt. ii. of their ' Monograph of the

Mollusca from the Great Oolite,' as T. Goldfussi (subsequently

altered to T. Painei), that for the present it seems best to let the

species pass with this reference.
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A single valve, and the only one I have hitherto seen, was got by

me from the lower zone of the Great Oolite in the railway-cntting

at Ashford Bridge, near Stonesfield.

Teigonia Wajlfoedi ?, Lye.

—

T. Walfordi is one of the allies of

T. Paind, but differs from the latter in its more erect and narrowed

contour and in its subtuberculate costse and their arrangement.

The types of the shell were got from Stow-on-the- Wold : the

Oxfordshire variety from the Great Oolite of Milton, near Burford.

The latter form varies from the type in the less massive character

and disposition of its ornamentation. The figure has been wrongly
numbered in Supp. no. 2 to Lycett's Brit. Foss. Trigoniae, pi. ii., and
should appear as fig. 6, not fig. 8.

Teigoxia clatkrata, Ag.—The contour of the shell, curvature of

the rows of tubercles, and the disposition and number of the rows

seem to me to agree so well with Agassiz's species, that I prefer to class

the Oxfordshire shell with it, notwithstanding the want of a definite

horizon in the description by Agassiz *. The number and curvature

of the rows of tubercles of Lycett's T. tuheradosa are very distinct;

as in Eigaux and Sauvage's T. davulosa they are more numerous,

and there is in those species an absence of that downward curvature

or inflexion which T. clathrata seems to present. The markings on

the area are worn, but appear to hav^e been fine. I have noted in

other Trigonice, e. g. T. signata, that the fineness or coarseness of the

area-markings is often due to the state of preservation of the fossil

;

the bolder area-markings seem to underlie the others. The only

example I have seen of Agassiz's species is in the collection of Mr. B.

Thompson, P.G.S., who has kindlj' lent it for my examination. It

was got from the Forest Marble or Cornbrash of Kidlington, Oxon.

T. clathrata is quoted by Terquem and Jourdyf from the zone of

Ammonites Parhinsoni of their Bathonian of the Moselle region.

Teigoxia Goldefssi, Ag.—In "Whiteave's ' List of the Fossils of

the Cornbrash at Islip and Kidlington ' this species finds a place. It

maj", however, be the T. Painei of Lycett, who has stated his reasons

for rejecting T. Goldftissi as a British species J. Sharp tabulates it

from both Great and Inferior Oolite of the ^^Northamptonshire

district §.

Teigoxia. electa, Mor. & Lye.—The Forest Marble of Kirtlington

has yielded, so far as I know, the only Oxfordshire specimen. The
intensely hard matrix makes the extraction of complete shells well-

nigh impossible.

Teigoxia ttjeeeculata ?, Lye.—The same Forest-Marble stratum

at Kirtlington, in which is found T. fiecta, has also supplied me
with a small tuberculate Trigonia agreeing in many points with the

* * Memoire sur les Trigonies,' par L. Agassiz. tab, ix. fig. 9, & p. 22.

t " Monographie de I'etage Bathonien dans le departement dela Moselle " par

O. Terquem et E. Jourdy, pp. 109 & 161. Mem. Soc. Geol. de France, 1869.

j ' Mon. Foss. Trigoniae,' by Dr. J. Lycett, p. 59.

§ "The Oolites of IS'orthamptonshire " by S. Sharp, F.S.A, F.Gr.S.
;
Quart.

Journ. Geol. Soc. vol. sxvi. pp. 383 & 388.
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form I have referred to T. clatlirata, Ag., but differing in the curva-

ture and absence of undulation in the rows of costae. It varies

from Lycett's definition principally in the fewer rows of costse.

EXPLANATION OF PLATE I.

Fig. 1. Trigonia Lycetti. Inferior Oolite, Sharpshill, near Hook Norton.

2. (example with solid costse). Same locality.

3, yar. comigata. Same locality.

^. j: yrthamptooicnsis. Upper Lias, Moulton, near Northampton.

5, 6. — . Same locality.

7. . ^ ,— (specimen without transverse costge). Same locality.

Discussion.

Prof. JuDD expressed his sense of the great value of Mr. Walford's

work in showing the relations of the several divisions of the Infe-

rior Oolite of Oxfordshire as compared with the beds of the same
age in South Northamptonshire and in Gloucestershire.

Dr. WooDWAED hoped that Mr. Walford's studies would enable us

to distinguish which of the forms described by Dr. Lycett should be

regarded as species and varieties respectively. He suggested that

the difficulties might to some extent be got over by employing a

trinomial nomenclature.

Prof. Seelet pointed out the importance of defining the range in

time of fossil species with a view to fixing the geographical distri-

bution. The varieties of one district become representative species

in other countries.

Mr, H. B. WooDWAED thought that some of the difficulties in cor-

relating subdivisions of the rocks would be removed if the strati-

graphical evidence were attended to as well as the palseontological.

The AuTHOE agreed with Dr. Woodward in thinking that many
of the species of Dr. Lycett must be grouped as varieties. The
lithologicai evidence, to some extent, bears out the palasontolo-

gical evidence as to the relationship of the Fawler and Hook-
Norton strata.
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8. On the recent DiscoyePvT of Pteeaspidian- Eish in the Uppee

SlLIJEIAI?- EOCES of I^ORTH A^IEEICA. Bj Piof. E. W. ClATPOLE,

B.A., B.Sc. (Lond.), E.O.S., Buchtel College, Akron, Ohio. (Eead

December 17, 1884.)

The fossils wHch form the subject of this paper possess consider-

able interest to the palaeontologist for three reasons :

—

1. They are the only forms of the Unci yet announced from the

Western Continent.

2. They are the first authentic fish-fossils yet found in the

Silurian rocks of America, all previously-reported discoveries of a

similar nature having proved erroneous in consequence of zoological

or stratigraphical errors.

3. Some of them are the oldest fish and, consequently, the oldest

vertebrates yet discovered in any part of the world, with the possible

exce]3tion of Pander's " Conodonts," which are, however, not yet

generally received into the class of Fishes.

The oldest fish-remains already known from this continent are

those of the Corniferous Limestone of Ohio and of the Lower
Devonian, near the mouth of the Gulf of St. Lawrence, in Canada.

Palseontologically, the latter of these appears to be the earlier. The
Corniferous Limestone of Ohio yields Macroi^etalichthys, Dinichthys.

Onychodus, and allied forms, with a single specimen attributed to

Coccosteus ; but the Canadian beds contain Coccosteus, Cephalaspis,

and Ctenacanihus, or a form assigned to that genus.

These, however, are all Devonian fossils, and need not detain us

longer. iN'o Silurian fish have yet been obtained in America.

Galicia has yielded at least one species from rocks considered to

be Upper Silurian, the nature of which justifies the age assigned to

it. This was the specimen upon which Dr. EJner, in 1847, based

his memoir establishing the genus Pterasjns. He considered it the

internal bone of a Cephalopod ; but later writers have controverted

his opinion, and consider the fossil a genuine fish. Prof. Lankester

has named it Scajphaspis Kneri.

But the fish-fauna which for extent and antiquity claims the

first place is that of the English Ludlow rocks. The " Bone-bed
'"

of the Upper Ludlow has yielded two distinct forms besides frag-

ments indicating others, and of one of these forms a single specimen

has been obtained from the Lower Ludlow, a fact which, as Prof.

Lankester remarks, enormously increases its age.

Of these Ludlow fossils, one kind consists of small spines with
fiuted surfaces, resembling those borne by Selachian or Siluroid

fish. To one of these classes they were accordingly attributed by
Agassiz, under the names of OncJius Murchisoni and 0. tenvAstriatus.

Similar forms occur in Pennsylvania ; these I propose to call Onchiis

jpennsylvanims (see fig. 5, p. 61).
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The reference of these spines to Selachians or Siluroids may
prove unfounded, and it is quite possible that when we know all

the details concerning the fossils next mentioned, the two may
prove to belong to the same species.

It is right to remark here that some of these fossil spines from
the English Ludlow rocks have been regarded by some geologists

as of Crustacean origin. However this may be, the Pennsylvanian

specimens show no such affinity, but in their rounded flutings much
more closely resemble genuine fin-spines or ichthyodorulites.

The second and more abundant kind of these Ludlow fossils,

though now, by general consent, admitted to the class of fishes, is

so strange in form and structure, and so aberrant from the usual

type, that its right to that rank has been doubted and denied. The
sj)ecimen8 are oval, thin shields or plates, folded in at the sides, and
with a curved surface. They measure only a few inches in length,

and formed the cephalothoracic covering of the animal, the rest of

whose body was soft and unprotected, or, at most, only covered with
scales.

The study of these peculiar forms has been undertaken by Professors

Huxley and Pay Lankester. The former has published his results

in the Journal of the Geological Society (1858), and the latter in

the Memoirs of the Palaeontographical Society (1867 and 1869).

The former has dealt chiefly with the microscopic structure, and the

latter with the outward form.

Postponing for the present further detail on this point, I will

only remark that I have no intention here of asserting or defending

the claim of these Ludlow fossils to the name of fishes. The authors

just cited have done this in no uncertain manner.

Says the former, " Leaving Prof. Pander's ' Conodonts ' out of the

question, Cephalaspis and Pteraspis are among the oldest, if they

are not the very oldest, of known fishes."

Again, "No one can, I think, hesitate in placing Pteraspis

among fishes. So far from having no parallel among fishes, it

has absolutely no parallel in any other division of the animal

kingdom " *.

If any doubt remained in regard to the zoological position of

these fossils, it has since been removed by the finding of a single

specimen showing a few scales attached to the matrix behind the

cephalothoracic shield. This unique and invaluable specimen has

been figured by Professor Lankester in his monograph.

Assuming, therefore, as proved, the ichthyic nature of these

English Silurian fossils, I propose in the first place to offer proof

that the Pennsylvanian specimens belong to the same family as the

Ludlow Pteraspis, and, in the second, to show that the strata in

which they occur are as low as any which have hitherto yielded

fish-remains in any part of the world.

* Though Prof. Huxley's opinion is perfectly obvious, yet the meaning of

this expression is doubtful. It is true that the structure in question has no
parallel in any other division of the animal kingdom, but it is equally true, as

will appear later, that it has no parallel among fishes,

Q.J.G.S. N0.I6L E
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1. The close Zoological Affinity of the Fossils.

'

In entering upon this part of my subject, both duty and pleasure

make it just to express my thanks to several friends for the very

kind assistance which they have afforded me in obtaining specimens

of the English fossils for comparison. In the first place my thanks

are due to my old and valued friend C. W. Peach, Esq., of Edin-

burgh, for offering me specimens of Pteraspis, collected by himself

many years ago in Cornv^all, and of Cephalaspis, from the cabinet

of J. Powrie, Esq.. In the second place, I must express my in-

debtedness to my friend and former pupil, Mr. T. Stock, of the

Museum of Science and Art, Edinburgh, and to Mr. B. N". Peach,

of the Geological Survey of Scotland, for obtaining and forwarding

these and some other material of which I had need. Without their

kind aid this part of the subject could not have been made complete.

It is scarcely necessary to dwell long upon the outward form and

appearance of the fossils ; they closely resemble the Ludlow species

in these respects, being oval in shape and having a curved surface

marked with a delicate striation (figs. 7 & 8, pp. 62, 63). But the

details are different in several points. I have seen no indications

of the medial posterior spine which terminates the shield of some

of the Ludlow forms ; the striation of the surface also shows marked
distinction. Instead of flowing, as represented in Prof. Lankester's

monograph, concentrically round an excentric point, like that on

the shell of a Lingula or a Discina, it is very irregular. Generally

speaking, several lines run round the margin, curving sharply

inwards at a point which probably indicates the orbit. From these

lines others radiate very irregularly towards one or several centres,

sweeping over the surface, separating and anastomosing, and form-

ing a beautiful and delicate tracery quite distinct from anything

represented on Prof. Lankester's figures (see fig. 7).

Professor Lankester has separated the fossils which form the subject

of his memoir into three divisions, based on the number of pieces of

which the shield consists. These divisions are :

—

1. Scaphaspis. Scutum simplex, ovale.

2. Cyathasjpis. Scutum in quatuor partes divisum, ovale.

3. Pterasp)is. Scutum in septem partes divisum, sagittiforme.

Of these three, Scaphaspis is the oldest and simplest form, and,

with one doubtful exception, is the only one yet obtained from the

English Silurian rocks. It is quite in harmony with these facts

that the same form should prevail among the Pennsylvanian fossils.

Most of them consist of a single piece, but some present appearances

which suggest the probability that they possessed other plates in

front and laterally. If this prove to be the case, they will approach

the genus Cyathaspis of Lankester.

In regard to the microscopic structure of these fossils and their

resemblances and differences as compared with those of the English

Ludlow rocks, I must confess my indebtedness to the figures of
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Prof. Huxley in tlie Quarterly Journal (1858). Prof. Lankester

has added little upon this subject*.

Prof. Huxley describes the shield of Pterasjns {Scapliaspis) Lloydn

as consisting of four distinct layers, which he describes thus {I. c.

p. 275) :— ^ ^
" The total thickness of the section is about ^q of an inch, and

of this amount about y|^- of an inch is occuiDied by the inner layer.

Pig. I,— Vertical Section of the Shield o/Pteraspis.

(Magnified 100 diameters.)

[Copied from Prof. Huxley's figure, Q. J. G-. S. vol. xiv. pi. xv. fig. 1.]

a. " Enamel "-ridges forming the outer layer. b. Eeticular layer.

c, d. Middle and inner substances.

e. Cavity filled with matrix, one of the supposed " ossicles."

/. Vascular canal. g. Matrix.

* Prof. Huxley's first figure is referred to in his paper as of Pteraspis {Sea-

phaspis) Lloydii, but Prof. Lankester in reproducing it, writes of it, probably by
o-versight, as Fteraspis rostratus.

e2
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YJi of an inch by the second layer, -^^ of an inch by the next,

and ^^- by the outermost layer (fig. ij."

" The outer layer (a) appears to consist of a series of papillary ele-

vations which have a broad free end, and are attached by narrow
bases, so that a triangular interspace vrith its apex outwards is left

between every pair of elevations. The matrix filling these inter-

spaces, and for some distance in the immediate vicinity of the outer

surface, is much darker than elsewhere, and has a deep brown hue.

The attached ends of the elevations pass into a whitish substance,

which, under this . power, looks similar to their own. It is tra-

versed by many reddish canals, which send diverticula into the eleva-

tions (b) At intervals of about J^th to y^oth of an inch or

thereabouts, thin septiform processes are given off li-om the reticular

layer, and pass perpendicularly inwards to the inner layer ; they

thus subdivide the second layer into a series of irregularly quadrate

spaces, correspondicg with the prisms seen in the superficial view.
" The inner layer is, like the rest, whitish, and is traversed parallel

with its surface by four or five much whiter streaks, so that it ap-

pears to be composed of only a corresponding number of lamellae

;

but on allowing the light to pass through the section, it is at once

obvious that each of these apparent lamellae is in reality made up of

many of the primitive laminse which constitute the inner layer, and
that the bright and dull white streaks are due entirely to a differ-

ence of texture or composition in the successive groups of laminae."

The resemblance between Scajjhaspis Lloydii and the Pennsyl-

vauian fossils can readily be seen on reading the following descrip-

tion of the latter.

The shield of these fossils consists of three distinct layers, inner,

middle, and outer (see figs. 2—4, p. 54). The inner layer (a) consists

of material in which I have been unable to detect any appearance of

organization, unless a delicate lamination can be so called, of which
I have occasionally seen traces. The thickness of this layer varies

considerably, but is usually about g^o ^^ ^^ inch, or from ^ to i of

the total thickness of the shield. It forms the floor on which the

rest of the structure is built up, and consequently lines the whole
concave side of the fossil. It shows a very faint tinge of yellow in

almost all my specimens. Scattered over it, apparently without any
regularity, are a number of minute circular openings which formed

a means of communication between the body of the animal and the

substance of the shield, and through which, we may infer, passed

the organs of sensation and nutrition, or at least the latter. Some
of these openings penetrate this basal layer, and enter the cavities

of the cells presently to be noticed, while others pierce it opposite

the walls, and continue their course for some distance in them,

before or without communicating with the cells. These openings

pass through the basal layer almost or quite at right angles, but in

most cases a small deviation may be noticed. They are about -^^
of an inch in diameter, but may be distinctly seen and counted with
the help of a hand lens ; among them are a few of smaller size.

Both surfaces of this layer are uneven, and by this means the varia-
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tion in thickness above mentioned is produced. In almost all

specimens the upper surface shows adhering reddish or yellowish

matter, from which it is difficult to free it. This matter is doubtless

a portion of the crystalline substance filling the cells of the next layer.

Some have used the term " enamel " in writing of this layer, but

I have been quite unable to see any trace of that structure in it.

Instead of prisms it rather appears to be stratified, so that the term
" nacreous," applied to Ptemsjns by Prof. Huxley, would more accu-

rately describe it. There is, however, no appearance of the pearly

lustre that characterizes true nacre.

The second layer (6) forms the thickest portion of the shield, and

may be termed the cellular layer. It consists of a number of cells

formed by party walls of a material resembling in appearance that

composing the basal layer. These cells have no constant outline,

but for the most part have 4, 5, or 6 sides. Nor have they one size,

the larger being as much as -j^ of an inch in their longest dimensions,

while others measure less than a fourth of this. In shape too they

range from nearly square to oblong and hexagonal. The w^alls that

form them are equally variable in size, ranging from -^-q to -j-i-^j- of

an inch in thickness. The angles of these cells are rounded, the

partitions being thicker there than elsewhere. The walls stand for

the most part vertically, or nearly so, on the basal layer, and sup-

port on their other ends the third layer next to be described. As
already mentioned, some of the circidar vessels enter them, and re-

main in them for some distance, perhaps through their whole
height ; others lie partially in the cell-wall, and partially in the cell.

The height of the walls, and consequently the thickness of the second

layer of the shield is about five times that of the basal layer, or about

^ of an inch. The cells are filled with infiltrated calcareous matter,

which under the action of the weather is dissolved out, leaving

an exceedingly brittle cellular mass to represent the original shield.

The third layer (c) deserves the name of the vascular layer, con-

taining as it does a perfect system of vessels imbedded in its sub-

stance. This substance is the same in appearance as that which
composes the basal and cellular layers, and is continuous with them.

Instead, however, of being solid, or nearly so, it is traversed by
vessels, the presence of which enables us to divide it into two por-

tions. The first and lowest of these lies immediately over the

covering layer of the cells, and contains a set of largo vessels running

parallel with the striation of the outer surface (fig. 4). The diameter

of these vessels is equal to the thickness of the covering and basal

layers, or about
g-J-jj

of an inch. They are perfectly even in outline,

but retain approximately the same diameter, as far as I have traced

them. These vessels communicate with the cells through openings

in their covering layer, apparently forming in this way a connexion

with every cell over which they pass.

They likewise communicate by short branches of about half their

own diameter, and tapering toward their outer ends, with another

set of vessels or channels running parallel with and between them,

of somewhat smaller calibre and more regular margin, lying slightly
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above them in the upper division of the vascular layer, and below

the minute channels of the upper and outer surface, with which
they are apparently continuous. These highest canals, to which
possibly the term furrows would be more applicable, have no
branches or outlets, so far as I have been able to determine, except

the passages just mentioned, nearly as wide as themselves, whereby
communication is effected with the vessels lying below them, and
already described. Both may be readily seen sectionaUy and longi-

tudinally by cutting thin slices of the shield in the proper direction

(see figs. 2, 3, 4).

Sections of the Shield of Palseaspis.

Kg. 2.

I^ig. 3.

Fig. 2. Vertical longitudinal section showing (a) basal layer
;
{b) cellular layer

;

(c) vascular layer, {}) lower portion, (^) upper or tubular portion.

Fig. 3. Vertical transverse section, showing (a) basal layer
; (6) cellular layer

;

(c) vascular layer, Q-) lower, (^) upper portion.

Fig. 4. Horizontal section through vascular layer of shield, showing the lower
branching vessels, the upper vessels or channels, and the tubules (seen

from below).

Lastly, there yet remains to be described the most remarkable
part of this outer or upper vascular layer. To this I have given

the name of the tubular division. From the larger and lower of the

two sets of vessels just described and from its upper side there issue

a vast number of minute tubules which branch and run to right and
left, and upward from the parent vessel, forming a minute and beau-
tiful forest-like growth. Pilled as they are with opaque matter
they stand out distinctly, like dendrites on marble, on the light yel-

low surface of the material of the vascular layer. They do not form
any connexion with the large channels or furrows lying to right
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and left of them, but all direct their course more or less obliquely to

the upper, outer surface, where their finest branches detail out and
end. They perhaps form a communication with the outside ; but I

have not been able to see their terminations. In some sections it

appears as though an extremely thin transparent layer existed,

covering and sheathing the whole, but of this I am not absolutely

certain.

The agreement between the above description and Prof. Huxley's

account of Scaphasjns Lloydii is so close that no reasonable doubt

can be entertained regarding their close relationship. At the same
time certain distinctions exist which, considered in addition to those

of external form and markings, have prevented my placing it in the

same genus.

Judging from Prof. Huxley's figures, and the examination

which I have been able to make of the structure of the English

Scaphaspis, the vessels in the reticular layer pursue a very irregular

course ; hence this name. This is not the case in the fossils under

consideration. Their vascular system (fig. 4) exhibits a regularity

and parallelism, of which the figures of Scapliasjns afford no trace.

This alone instantly differentiates the two. Moreover, the beautiful

forest-like appearance of the tubules radiating from the vessels is

much more marked in consequence of this regularity than in the

engraving of Scaphaspis. Lastly, I have seen no trace of the

crenulation on the edge of the superficial stride of which Professor

Lankester makes mention.

These, with some minor considerations, induce me for the pre-

sent to refrain from placing these Pennsylvanian fossils in any of

Lankester's genera, and T propose therefore to refer them to a new
provisional genus to which I have given the name Pal^aspis*.

Another point must not be omitted, because it forms to the anato-

mist one of the most remarkable features in the structure of these

shields. In none of them, either English or American, has any
trace been discovered of true osseous tissues. The bone-cells or

lacunce, and the tubules or canaliculi connecting them are totally

absent, unless the minute tubular system above described be con-

sidered representative of the latter. This remarkable fact was one

of the chief, perhaps the chief objection to admitting the claim of

these fossils to a place among the Yertebrata. But the objection has

been overruled, and consequently the line separating the Vertebrates

from the Invertebrates rendered to that extent less distinct.

Professor Lankester has, in his monograph, established the sub-

family "Heterostraci" to receive those forms devoid of true bony tissue.

He has thus divided Huxley's family of Cephalaspids into two parts,

retaining in the higher of tli£se (the " Osteostraci ") all those forms

which, like CepJicdaspis, possess bone-cells and tubules (lacunce and
canaliculi).

So profound an anatomical distinction merits, it appears to me,

* The name Gli/ptaspishas appeared by oversight in one or two preliminary
notices in magazines in reference to these fossils. Its occurrence was accidental,

and it mast therefore be considered merely a synonym.
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more marked recognition than this from the systematist. It differ-

entiates the animals of this gronp from all the rest of the Vertebrata

possessing a hard skeleton. It may or may not be an indication of

approximation to lower and older forms. But in either case so

marked and significant a feature in the structure can scarcely

be satisfied with subfamiliar distinction in the classification, I

therefore propose to raise these aberrant forms, the number of which

is increasing, into a distinct family under the name of Pteraspidians

(Pteraspidse), and to limit the name Cej)halaspid8e of Professor Huxley
to the forms composing Professor Lankester's group of Osteostracans.

2. Tlie StratigrapJiical Horizon of PalsDaspis.

In the correlation of the Pennsylvanian strata here concerned

with those of England, there is fortunately little difficulty in estab-

lishing certain definite horizons in both, which from a palseontological

point of view may be regarded as equivalents. As may be seen in

the table (p. 59), the English Lower Ludlow lies on the horizon of the

"Water Lime of Pennsylvania and New York. This correlation rests

mainly on the presence and first appearance in both of huge Crus-

taceans of the types of Euryjpterus and Pterygotus. On both sides of

the Atlantic this horizon is especially characterized by these forms.

On both sides they suddenly attain in this stratum very great pro-

minence, and from it they rise into higher, but are searely known in

lower beds.

The Lower Ludlow contains the oldest vertebrate fossil yet known,
the single specimen of Scaphasjpis ludensis found in 1859. The
Water Lime of Middle Pennsylvania has yielded no remains of fish,

and it lies about 300 feet below the place of the locally absent

Corniferous Limestone, the lowest American fish-bearing horizon.

Below the Water Lime lies the great mass of coloured shale forming
the medial part of the fifth group of Eogers (Geol. Survey of Penns.).

This is divided in Middle Pennsylvania as follows :

—

feet.

The Grey Shale 200
The Variegated Shale 700
The Eed Shale 700

At the top of the second division lie some thin beds of variegated

Sandstone which I have named " The Bloomfield Sandstone." In
this bed were found the fossils here described. It is exposed near
iN'ew Bloomfield, Perry Co., Pennsjdvania.

In a paper recently read before the American Philosox^hical Society

and printed in their Proceedings for 1884, I have discussed the evi-

dence for the age of the " Eifth group " of Pennsylvania. Space
will not allow the reproduction of the argument here, but in that

tract I have shown that the shales above mentioned are the equivalent

or, rather, the continuation of the Onondaga Shale of New York, a

series immediately underlying the Water Lime.
On this view of the correlation of the English and American

strata, the Onondaga Salt group has no equivalent in England. It

is so represented by Sir R. Murchison (Siluria, p. 472), who in this



THE UPPEK SILTJKIAN OF NORTH AMERICA. 57

place quotes from Sir A. Eamsay. The Ludlow rocks are considered

by these writers as the correlates of the lower part only of the

Lower Helderberg (Water Lime) of New York, leaving the upper

portion of the Lower Helderberg also without any English equiva-

lent. In both these respects the views of Professor James Hall

coincide with those above stated. In the 'Palaeontology ofNew York

'

(vol. iii. p. 34) he writes :

—

" Since the presence of Eurypterus is regarded as marking the

uppermost strata of the Silurian system of Great Britain, our Lower
Helderberg group constitutes a series of strata not recognized and
probably not existing in the British Isles."

Professor Hall then gives the following table illustrating his views

on the correlation of these beds :

—

New York. Great Britain.

Lower Helderberg.
Water Lime. Lesmahago Beds.

Onondaga Salt Grroup.

Niagara Group. Wenlock Limestone.

The inference is reasonable that these Pennsylvanian Pteraspids

are older than the Scaphaspis ludensis of England, by the time re-

quired for the deposition of 200 feet of strata.

To avoid returning to this subject, I wiU here add that the English
Wenlock group is placed on the horizon of the American Niagara
on evidence which has never, so far as I know, been disputed. Sir

R. Murchison wrote in 1859 (Siluria, p. 460) :

—

"The Niagara shales in all respects resemble the weU-known
Wenlock shale of Britain ; whilst the chief or central mass of the

Upper Silurian rocks in North America is that called the Niagara
limestone, which unquestionably represents the Wenlock and Dud-
ley limestones of England as well as of Gothland in the Baltic.

These rocks appear to contain a greater number of fossils identical

with those of Europe, than do the Lower Silurian strata of the same
districts ; '' among them are the following :

—

List of Fossils common to the American Niagara and the English

Wenlock Limestone.

Calymene Blumenbachii, Bro?ig7i., Orthis hybrida, Sby.

now 0. niagarensis, Hall.

Homalonotus delphinoeephalus, Orthoceras annulatum, Sbt/.

Green.

Bumastus barriensis, Murch., now Eucalyptocrinus decorus, FJdll.

Illaenus loxus, Hall.

Rhynchonella cuneata, Hall, now ? Bellerophon dilatatus, Sby.

Rhynchotreta cuneata, var.

americana.
Ehynchonella Wilsoni, Sby. Favosites gothlandicus, Lam.
? Pentamerus galeatus, Balm. Favosites alveolaris, Be Blainville.

Orthis elegantula, Balm. Halysites eatenulatus, Linn.

Excluding two species from the list, for the presence of which in

the Niagara I can find no evidence, and considering the close resem-
blance of the three that now pass under other names, we have twelve
species common to the two groups. Their equivalence admits of no
question.
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Traces of Fish in the Onondaga Red Shale.

About 1000 feet lower in the Onondaga group I have found two
or three thin beds containing comminuted scales. They are asso-

ciated with other beds containing in abundance Leperditia alta.

They are so thin and fragmentary that I have been unable to make
a complete examination of them. They consist, so far as I have

determined their structure, of homogeneous material destitute of

bone-cells and canalicules, but resembling in all respects the solid

layer of Palceaspis. From their condition and the appearance of

the rock, I have been sometimes inclined to consider them coprolitic

in origin. In any case they carry back the existence of fish by an

interval represented by about 1000 feet of strata.

Traces of Fish in the Iron Sandstone.

Nor is this quite the whole. Underlying the E,ed shale by about

350 feet, and consequently about 700 feet below the relics last

mentioned, is the Iron Sandstone, a bed of hard coarse material, the

position of which I have determined (in the paper already referred

to) near the middle of the Clinton group, and at least 900 feet below
the Ore Sand-rock, a well-known horizon in Pennsylvania, containing

numerous Clinton fossils, for example

—

Beyricbia lata, Vanuxem.
Ormoceras vertebratum, Hall.

Calymene Clintoni, Vanuxem.

Its horizon is consequently beyond dispute.

In this sandstone I have found a thin layer closely packed with

broken plates som.ewhat similar to those last mentioned, but in better

condition. They are very thin, but almost every well-preserved

fragment shows a superficial striation closely resembling that of

Palceasins. Accompanying them are a few fine spines much like

those above described under the name 0. pennsylvaniens. For these

I propose the name Onclius clintoni (p. 61, fig. 6).

Besides the actual relics of fish already mentioned from the Iron

Sandstone, the bed is charged with small white pellets about as

large as peas. An examination of one of these by Mr. A. S.

M'^Creath, Chemist to the Pennsylvania Survey, gave the following

result :

—

Partial Analysis of the '• White Spechs " in Iron Sandstone.

Phosphorus 6*478

EepresentiBg Phosphoric Acid 14-857
Phosphate of Lime 32'39

I infer therefore the coprolitic nature of these pellets, and the

evidence thus obtained is confirmatory of the statements already

made.
An examination of the appended Table of strata (p. 59) will sum-

marize to the eye the results here given, and will bear out the

assertion made at the outset that we now have evidence of the ex-

istence of fish in Pennsylvania at an earlier date than in any other

part of the world (Conodonts of Pander excepted).
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Appendix.

Former reported Discoveries of Fish-remains in A7nerican

Silurian Rocks.

The discovery of fossil fish in the Silurian rocks of IN'orth America

has been announced on several former occasions ; but in every case

investigation has shown some mistake.

Dr. l^ewberry, in his " Monograph on Possil Fishes " in the
' Palaeontology of Ohio' (vol. i.), has alluded to four such instances,

and says that; these are aU that have come to his knowledge. They
are the following :

—

1. In the second volume of the 'Palseontology of New York' Prof.

Hall described and figured a large spine under the name of OncJius

Dewii, from the Magara group of Lockport, jS".Y. This is now, how-
ever, admitted to be a spine of a Crustacean. In the same place

Professor Hall alludes (without figuring them) to other species from

the Shaly Limestone of the Lower Helderberg and from the Clinton

group. What these were I do not know, but presume that they

proved to be of a similar nature *.

2. Hugh Miller, in his 'Footprints of the Creator,' p. 143,

copying from the ' American Journal of Science,' 2nd ser. vol. i.

p. Q2^ gives a figure of a large fin-spine said to have been found in

the Onondaga Salt group. It has been proved to be a specimen of

MacJiceracanthus major from the Onondaga Limestone of the Corni-

ferous group.

3. Messrs. N'orwood and Owen, in the 'American Journal of

Science,' 2nd ser. vol. i. p. 367, described a new fossil fish from the

Upper Silurian rocks of Indiana, and the error has been copied

several times by other writers. It was a head of Macropetalichthys

from the Corniferous Limestone.

4. Dr. Newberry, quoting Sir Charles Lyell (' Travels in North
America,' 1842, vol. ii. p. 37), says that Sir Charles was informed

by Professor H. D. Eogers that he and his brother " had traced the

scales of fishes through strata of Clinton age from the south-western

part of Yirginia to the north branch of the Susquehanna in Penn-
sylvania." In the light of the facts recorded in the preceding paper

this is a somewhat remarkable statement ; but in the ' Geology of

Pennsylvania,' vol. ii. p. 824, Professor Eogers writes :

—

*' The earliest date at which actual fishes appeared in the Appa-
lachian or Palseozoic seas of North America was that of the Post-

meridian strata, numerous specimens of the ganoid class having been

recently found in the upper Cliff or Corniferous limestone of Ohio.

* In this connexion a rather singular and surprising statement may be
noticed. Prof. Hall says (l. c. 1852) :

—"In England we have positive evidence
of the existence of fish-remains in strata of the age of om' Trenton limestone and
Hudson-river groups." It is hardly necessary to add that this statement must
rest on some misconception and that no foundation for it has ever existed.
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This rock is very nearly on the horizon of the lowest Devonian of

Europe, in which corresponding ichthyic remains are well known."
Professor Eogers goes even further and adds, " It must be enun-

ciated as a general fact that hitherto no traces have been discovered of

any vertebrate animal whatsoever during all those earlier Palaeozoic

ages which are embraced in the Cambrian and Silurian periods ofthe

English geologists, or the equivalent Primal, Auroral, Matinal,

Levant, Surgent, and Scalent periods according to the nomenclature

of the Pennsylvania Survey "*.

To reconcile these quotations is difficult. Professor Rogers could

not well have forgotten seeing fish-scales in the Scalent and Surgent

groups had he really done so. Such forgetfulness would be especially

difficult to one who believed that even in Europe no fish-remains of

that date were known. Sir Charles Lyell's character for accuracy is

too well known to need assertion. It is possible that Professor Eogers
saw the scales, for they were there. It is also possible that Sir C.

Lyell's memory was at fault. Altogether it is a rather singular

example of divergence between the statements of two eminent
geologists.

Description of the Species.

Onchtjs pennstlvanictjs, sp. n. (Eig. 5.)

Spine, when complete, about half an inch long, with a diameter

at base of about one eighth of an inch, very slightly curved and con-

sisting of an inner core (perhaps only composed of material filling

an original cavity) and an outer sheath. The outer portion shows

a fluted surface, with eight ridges in the quarter of the circumference

which is visible ; ridges rounded, their height being about half their

breadth ; the furrows between them acute at base and formed merely

by the edges of the two ridges without any breadth.

Locality and horizon. Perry county, Pennsylvania, in the Bloom-
field Sandstone or uppermost member of the Onondaga Yariegated
Shales.

Eig. 5.—Onchus pennsylvaui- Fig. 6.—Onchus clintoni.

cus, showing fluted surface

and core.

Onchus clintoni, sp. n. (Eig. 6.)

Spine slightly curved, the part visible about half an inch long and
showing on the one side 5 rounded low ridges meeting each other

* This statement appeared in 1858.
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without intervening spaces ; furrows between ridges consequently

angular. Diameter at base about one eighth of an inch.

Horizon and locality. Clinton group, Iron-sandstone, Perry co.;

Pennsylvania.

Pal^aspis, g. n.

The genus has been sufficiently described in the body of the paper.

Pig. 7.— Outline of Shield o/Palseaspis americana. (isTat. size.)

The striation is shown only over a part of the. shield, but extends really

over all.

Pal^aspis ameeicana, sp. n. (Fig. 7.)

Shield elliptical in outline, truncate at one end, convex on upper

surface, between two and three inches long ; lateral edges rolling in

under the upper surface ; thickness not exceeding ^ inch over its

whole extent. Upper surface covered with a tracery consisting of

fine, delicate, flowing, depressed lines branching and anastomosing,

but in general keeping directions rudely parallel, often abruptly

curving near the end from both sides towards the medial line, where
they terminate without ending in a spine.

Locality and horizon. Perry county, Pennsylvania, in the Bloom-

field Sandstone or uppermost member of the Onondaga Yariegated

Shales.

Pal^aspis biteiincata, sp. n. (Fig. 8.)

Shield elliptical, truncate at hoth ends, more convex than P. ame-
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ricana. Ends straight or concave. In other respects, in form and
in ornament, this species does not differ from the former.

The abruptly truncate appearance of this species suggests the

probability that at least a rostral plate adjoined the cephalo-thoracic

shield, in which case it most likely possessed also marginal pieces.

Such a structure would bring it into close relation to Lankester's

Cyathaspis.

Locality and horizon. As those of preceding species.

Pig. 8.

—

Outline of Shield 0/ Palaeaspis bitruncata. (Nat. size.)

Discussion.

Dr. Woodward said he was glad the author had discovered the cana-
liculate layer in these fossils. Professor Lankester could not detect

it in the specimens examined by him. The oldest of these American
remains certainly appeared to be more ancient than any known in
Europe. He referred to the discovery by Dr. Lindstrom of the
remains of a Scorpion in beds of Upper-Ludlow age in Gotland
and stated that a specimen so similar as certainly to belong to the
same genus, if not to the same species, had been discovered at a
still earlier date in the Upper Ludlow of Lanarkshire by Dr. Hunter

;

although owing to the illness of Mr. Peach, to whom it was sent,

its occurrence had not been recorded.

Professor T. Pupert Jones doubted if the older specimens described
by the author were as well defined as those of the upper beds, and
remarked upon the gap between the Wenlock and Ludlow beds
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that must be assumed to exist in the European series of deposits if

the author's stratigraphical views were correct.

Mr. HoPEiKSON said that there could hardly be a gap between
the Wenlock and Ludlow series in this country, seeing that so

many species of Graptolites, and also other fossils, passed uninter-

ruptedly from the highest beds of one into the lowest of the other,

that, from a palseontological point of view, it was difficult to draw
the line between them.

Mr. Blaneoed said that Professor Claypole did not assert that any
break occurred between the Wenlock and Ludlow, but apparently

the stages were more numerous in America than on this side of the

Atlantic. He also indicated, from his own experience, how difficult

it often is to decide whether a break occurs between different beds.
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9. 0)1 a NEW Deposit of Pliocene Age at St.Eeth, near the Land's

End, Coenwall. By the late Seaeles V. Wood, Esq., E.G.S.

(Eead November 5, 1884.)

In the autumn of 1883 my friend Mr. E. W. Harmer, E.G.S., being

at Penzance, chanced to hear of the occurrence near that place of a

bed containing some shells not recognized as now living on the coast

of Cornwall. Being introduced to Mr. Thos. Cornish, of Penzance,

as a gentleman who had taken an interest in the matter, he got him
to forward to me such of the shells as he possessed. These consisted

of specimens of Nassa mutahilis, N. serrata, and Turritella trijjlicata
;

and I sent them to Mr. Eobert Bell, E.G.S., to see and to show to

Dr. J. Gwyn Jeffreys. We all three doubted their being genuine,

the Nassa presenting, indeed, the appearance of imperfect fossiliza-

tion.

Sometime afterwards Mr. Cornish sent me some more specimens.

These removed my doubts ; but from the incredulity with which
Mr. Bell was met in the comparisons which he made of them for

me with specimens in the recent and foreign collections of the

British Museum, I pointed out the desirability of having the pits

reopened before I brought the matter to the attention of the Society,

and this Mr. Cornish determined to have done.

The past exceptionally dry summer in Cornwall has afforded the

opportunity for this ; and on the 26th of August last a party con-

sisting of our Eoreign Secretary, Prof. Warington Smyth, and

twelve other gentlemen, mostly geologists, residing in the county,

accompanied Mr. Cornish and witnessed the reopening of one of

the disused excavations, obtaining also a few of the shells. Some
of the clay then extracted Mr. Cornish despatched to me ; and

from it and more since had I have extracted several of the species

mentioned in the sequel, including among them two out of the three

first to sent me by Mr. Cornish.

In the interval Mr. Cornish got together what further specimens

he could hear of, including some entrusted to him by Mr. Goodman,
of St. Erth, and put me into communication with Mr. JSTicholas

Whitley, of Truro, who had brought the subject of this fossiliferous

bed incidentally before the Boyal Geological Society of Cornwall in

1882, and Mr. E. W. MiUett, of Marazion, who was engaged in

searching the material of it for Ostracoda and Eoraminifera, both of

whom sent me what moUuscan remains they had obtained from it.

Since the reopening of the pit, also, the Yicar of St. Erth has

interested himself in the matter, and sent me some further contribu-

tions to the total species that I have in this way got together.

Mr. Cornish informs me that the area occupied by the bed, so far

as its extent is known, does not exceed an acre, the first excavation

in it (the one that he has now got reopened) having been com-
menced about 50 years ago, for the moulding sand upon which the

Q.J.G.S. No. 161. F
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fossiliferous clav rests, but abandoned some ten years since. In
1881, clay being required for the puddling of a dock wbicb was
then being constructed at Penzance, the excavations were at his

instance renewed, the upper (yellow and unfossiliferous) clay, into

which the blue clay yielding the shells passes upwards, being found

suitable for this purpose ; since which the pits have again fallen

into disuse. It was during this renewal of the excavations that

Mr. Whitley visited them, obtained the shells mentioned in his paper,

and recorded the sections in his note-book from which the one I

herewith give (fig. 1) is taken. Mr. Cornish exhibited at the Jubilee

Fig. 1.

—

Pit near St. Ertli Vicarage, from the JSlote-BooTc of
Mr. NicJiolas Wliitlei/, of Truro:

1. Surface-soii.

2. Clayey loam full of angular stoBes pitched at all angles, but mostly upright,

3 to 5 feet. (This is probablv the formation described under the letter y in

my ISTewer Pliocene Memoir in Quart. Journ. Geol. Soc. vol. xsxviii. p. 720,

mider -vrhich the ancient beaches of the south coast are buried, and which
has a great extension in Cornwall.)

3. Stones cemented with oxide of iron, &c.., 6 to 12 inches.

4. Tenacious yellow clay with unrecognizable fragments of some bivalve shell

passing down into

—

5. Blue clay, very irregidar, 3 to 5 feet (and more in places), and containing

marine shells.

6. Fine sand, base rot exposed, but described by the workmen as having gravel
and rubble at bottom, resting on rock.

meeting of the Falmouth Polytechnic Institution in 1882 some
specimens of the shells, but the first (and only) scientific notice

which has been given of the bed is a short paper by Mr. jSTicholas

Whitley, published in the Transactions of the Eoyal Geological

Society of Cornwall for January 1882, entitled " On the Evidence
of Glacial Action in Cornwall," in which he incidentally refers to the

St. Erth bed, and gives a list of ten species of MoUusca that he had
obtained from it, and had submitted to Mr. G. P. Sowerby, Junior, for

identification.

On my writing to Mr. Whitley, and pointing out to him that he
had been mistaken in referring the bed to Glacial age, he not only
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put these specimens into my hands, as "well as some more that he

had subsequently procured, and sent me his note-book with the

sections, but, to satisfy my inquiry as to the elevation of the bed,

visited the spot again, and ran a set of levels from mean tide-mark

on the Hayle shore to the pit, by which he ascertained that the

elevation of the part from which he obtained his specimens is 98

feet above ordnance datum, the surface of the ground being about

15 feet higher.

Fig. 2.—Section across the Valley of the Hayle at St. Erth.

W.N.W.
Trecobben Hill.

590 feet.

E.S.E.
The Hajle
Estuary. St. Erth

Sea-leTel.

a, a. Ancient rocks. h. Eecent and Prehistoric silt.

Line shov^ing the probable surface of the sea in the strait in which tlie

St. Erth shells lived.

The pits are on the eastern slope of a tract of low ground that

extends from Penzance and Marazion on the south coast, to St. Ives

Bay on the north coast of the county, cutting off the high ground of

the Land's End district from the rest of Cornwall. The bottom of

this low tract is occupied by beds of peat and of estuarine or

marine silt, altogether unconnected with the bed in question, and

which, from the specimens of Mollusca sent to me by ITr. Cornish

from some excavations in them, appear to be of that recent date

which marks the last depression of Britain * and belongs to the

iSTeoKthic period.

As this tract cuts through the highland formed of ancient rocks,

it must at the time of the deposit of the St. Erth beds have been a

strait, separating the Land's End region from the mainland of

Britain ; but no other indication of this deposit has hitherto been

detected.

[The author here added a provisional list of Mollusca obtained by
him to the number of about 50. As this list was confessedly im-

perfect, he expressed his intention of preparing and publishing

hereafter a full description of the fauna, with figures of the new
species; it was withdrawn by him with the permission of the

Council,]

Of the species obtained by me from the bed, three, viz. Cyprcea

avellana, Nassa granulata, and Melampus ]pyramidalis, are Eed-

* The succession of events traced in my memoir on the Newer Pliocene
period in England, Q, J. Gr. S, vol. xxxviii. p. 732, terminates j ust prior to this

last depression, which is only briefly adverted to, and then only in respect of
the amount of depression that has taken place.

e2
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Crag forms not known living. The first tjwo are probably alsa

species of the Miocene of Touraine, as Cyprcea affinis, and Buccimim
graniferum, of Dujardin.

The great muricated form of Calyptrcea chinens'is does not occur
in the Miocene of Trance, the form there being small. A large

form of the species is figured by Homes from the Vienna beds.

Nassa serrata, and all the forms of it figured as distinct species

by Bellardi, as well as N. Emiliana, do not occur above the Lower
Pliocene ; N. serrata, N. Emiliana. and one other species of the
group {N. hisot'ensis, var. A) occur also in the Upper Miocene. IS'one

are known living.

. Nassa recticostata is a species of the Upper Pliocene only. It is

not known living.

Turritdla triplicata and Bingicula huccinea do not live north of

Yigo (lat. 42"), whence they range southwards to the Canaries,

and through the Mediterranean. Both are among the commonest
species of the Coralline Crag.

Nassa mutcibilis, as well as all the Nassa; of that group, and
Euthria cornea^ are only known as fossils from South European
beds. In the living state Nassa mutahilis and Euthria cornea
range through the Mediterranean ; but outside that sea, their

northernmost place of occurrence is Cadiz, in lat. 36° 30'. The
shells figured by Brown, Xyst, and others, as Fusus corneus, belong
to a group of which Fusus islandicus is the type, and which inhabits

the Xorth and Arctic Seas, and occurs in the Xorth-Sea Crag, older

and newer.

Natica milUpunctata is, in the living state, confined to the Medi-
terranean ; but, in the fossil, it occurs in the Miocene and Pliocene
of Southern Europe in general. The Coralline and Eed Crag form
N. muJtipunctata, my father did not consider identical with it.

Artemis exoleta is represented in the Eed Crag by A. lentiformisj

J. Sow., a closely allied but identical shell. It is not known from
the Coralline Crag, but is regarded as a Miocene species. It is

also a South-Italian Pliocene fossil, and ranges living from Xorway
to the Mediterranean.

Of the other species obtained, save those peculiar to the deposit,

most range in the living state from K'orway to the Canaries, and
through the Mediterranean.

One of them only is known to reach the Greenland or Spitzbergen

Seas also. Two range no further soutli than Britain, as far as vet
known. Some of these occur so far back as the Miocene, others

not further than the Pliocene, while six of them, all minute
living species, are not known (except in this deposit) as fossils

at all, or only as fossils of the latest beds. Nucula proxima is a
living Korth-American shell, occurring in the Coralline Crag as N.
trigonula, but it may be the same as a living iS'orwegian species,

N. tumidula.

The character of the Mollusca, as a whole; is essentially southern,

no peculiarly arctic shell having as yet occurred.

Both in the positive and negative aspects of this group of Mollusca
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(for none of the many peculiarly tropical genera that occur in the

Miocene are present in it) we seem to have evidence of a Pliocene

age for the bed, and, I think, on the whole, a preponderance in

favour of IS'ewer, rather than Older Pliocene. The relation of the

fauna is more in the direction of the Italian Pliocene than in that

of the Pliocene of Xorth-western Europe.

At the outset of my investigations I thought it likely that the

bed would prove to belong to that very late part of the i^^ewer Plio-

cene period called now Quaternary, when the small submergence

took place which I have, in my memoir on that period in England *,

traced as having preceded the minor Glaciation, and to which I have

referred the Cyrena-ioimaition^ and with which the rich bed of

marine Mollusca at Selsey in Sussex is connected. This Selsey bed

contains some species of Mollusca which now live only to the south

of the British shores, though, like its species in the marine beds coeval

with it, from Essex northwards over the east side of England, which

present no such southern indications, these are all living species

;

and I thought that as the difference in this respect between these

beds, thus coeval with the Selsey one, is evidently due to the presence,

during their accumulation, of an isthmus connecting the South-east

of England with the continent, which prevented the water which
had access to Sussex from the Atlantic having any access to the

North Sea, except round the jN'orth of Scotland, the more westerly

position of the Land's End might be the reason for the still more
southern aspect of the St. Erth Mollusca ; but the species I after-

wards got together comprised so many not known from Selsey, and,

withal, some known only in the fossil state, that this view became
untenable. We must therefore seek a more ancient period to which, to

refer it ; and as between the Selseybed and the Eed Crag we have only

beds belonging to successive stages of the submergence that accom-
panied the great glaciation of England, in all of which the Arctic

aspect is apparent more or less in the moUuscan remains they yield,

though much the most marked in the earlier of those beds, such as

Bridlington, there is nothing, until we go back to the Eed Crag, with
which we can connect it in point of age ; and then the evidence of

connexion is more inferential than direct, because the geographical

connexion of the St. Erth bed is clearly more in the direction of the

Pliocene of Southern Europe than of the Phocene of the area washed
by the JN'orth Sea. One only of the six St. Erth Nassce, viz. N,
granulata (or granifera), is known from the !N"orth-Sea Crag, while

three of them seem to me identical with Italian Pliocene forms,

and the other two belong to a group (the mutabilis group) that is

peculiar to the south of Europe, both fossil and recent.

Our knowledge of the Normandy-Crag Mollusca is very hmited.

Of the specimens from the older part of it, the " Conglomerat a

Terebratules " (which in its physical character, and in the species of

Biryozoa it yields, seems to have the closest affinity with the Coralline

Crag), scarce anything but a few casts of indeterminate species are

given by Messrs YieiUard and DoUfus, in their " Etude Geologique

* Quart. Journ. Geol. Soc. vol. xrsviii. p. 732.
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sur les Terrains Cretaces etTertiaires du Cotentin;"' and among these

there is nothing hut Ostrea eclulis and nndeterniined single species

of Turritella, CeritMum, and Kucula, that even genericallj- occur in

the St. Erth deposit. There is a more copious list given in the

Geological Magazine for May 1872, hy Mr. Alfred Bell, from an ex-

amination of the collection made by Sii^ Charles Lyell from the

Cotentin Crag, supx^lemented hy some additions from the authority

of M. Hehert ; but there is nothing in that paper to show whether
these represent this older '•' Conglomerat a Terebratules," or the

newer " Marnes a ]S"assa," and I suspect that Mollusca from both of

those beds are mixed up in that list. Erom these " Marnes a Xassa,"

MM. Yieillard and Dollfus give a more copious list : but there is

little in common between it and the list from St. Erth. jSI^one of the

St. Erth Kassce, save perhaps N. granulata, nor any of the more
remarkable St. Erth shells, are among the species mentioned.

Only Ringicula huccinea, Calyjptrcea cJiinensis, Natica miJlepunctaia^

CeritMum reticidatum (scaher), Lucina horealis, Ostrea echdis, and
possibly Natica sordida as N. proxima^ Nassa gramdata, Turritella

trijdicata as Turritella vermicidaris, and Pectunculus glycimeris as

Pectuncidus (species), out of the many St. Erth shells can be recog-

nized in it ; and though there are two or three Mediterranean species

among them not known in the K'orth-Sea Pliocene, yet the whole
fauna is essentially the same as the fauna of that Pliocene, and but
subordinately connected with the Pliocene of Southern France or of

Italy, which, so far as the evidence serves to show, is just the reverse

of the St. Erth fauna.

We must, as the case at present stands, infer either that Cornwall
and N'ormandy, near as tbey are to each other, were at the time of

the St. Erth deposit separated by a land barrier ; or else that even

the " Marnes a IS'assa " are older, and that the deposit of the

JN'ormandy Crag had ceased before the St. Erth deposit began. My
present impression is that the latter was the case, for the fauna of

the " Marnes a j^assa " seems to me to indicate an age intermediate

between the Coralline and Eed Crags, rather than (as it has been
supposed) a E,ed Crag age.

Of whatever age the St. Erth bed may precisely be, however, it

seems pretty clear that at the time of its deposition there was no com-
munication from the South Atlantic and Mediterranean to the ]N"orth

Sea, except round the jSTorth of Scotland ; so that such of the southern

species as had not been denizens of the jN'orth Sea during the Older

Pliocene, and so lingered on there into the i^ewer Pliocene of the Eed
Crag, were prevented by the differences of nine degrees of latitude

between Cornwall and the Xorth of Scotland, and the consequent

refrigeration northwards of the marine climate, from getting round
into the JSTorth Sea.

A change of conditions evidently took place during the formation

of the deposit, by which the blue fossiliferous clay was succeeded

gradually by a more tenacious yellow clay, which seems to be destitute

of molluscan remains, save some imrecognizable fragments of abivalve;

and it is possible that this, and the disappearance of the Mollusca
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(which were evidently denizens of a warmer sea than that which now
washes the shore of Cornwall), may have been due to the changes

consequent on the incoming of the major glaciation.

The fossiliferous clay is of a nature difficult to work for extraction

of shells, and the occurrence of specimens, even to the smallest and
most unrecognizable fragments, is, except in the case of one or two
species, unfrequent ; but by the cooperation of Mr. Cornish and the

Yicar of St. Erth, I am having consignments of it forwarded me,

by which I hope to extract a more extensive collection of the

Mollusca of this deposit, by which the inferences as to its age and
relation to other deposits may possibly be modified. Eventually I

hope to be able to figure and describe these Mollusca.

Mr. Robert Bell has aided me most materially in searching the

collections, recent and fossil, in the British Museum for anything

that would throw the light of identity on the more obscure, and on

the apparently new forms that the deposit has yielded (which my
invalid condition precluded me from doing myself), as well as by his

own Recent and Pliocene collections, and knowledge of Recent and
Pliocene Mollusca. The publication in 1882 of the third part of

Prof. Bellardi's MoUusca of the Tertiaries of Piedmont and Liguria

containing the very numerous fossil forms of the genus Nassa * that

occur in these Tertiaries has been very opportune. Dr. J. Gwyn
Jeffreys has also had most of the shells before him for examiaation,

from me ; and for his aid in the determination of some of the very

minute species, I have to express my thanks.

Angular stones occur occasionally in the clay along with the

shells, but I have not met with one more than 3 inches long or more
than between 2 and 3 cubic inches in solid dimensions, and they

are mostly very much smaller than this. With the exception of some
which do not exceed the size of a swan-shot, I have only met with

one rounded pebble, about the size of a filbert. The average quantity

of the angular fragments, so far as I have encountered them, is about

1 lb. to 1 cwt. of the clay. They seem to indicate that, notwith-

standing the southern character of the Mollusca, ice must have
drifted over the strait during winter, but I have not detected any
glacial striae in the fragments.

* In connexion with the age of the St. Erth bed, as affected by the propor-

tion of forms in it not known liting, it is proper to point out that the propor-

tion of Nasscs not known liying is quite a fallacious guide ; for while of Mio-
cene and Pliocene Mollusca, other than this genus, more than half the Miocene
and three fourths of the PHocene are known liying, Prof Bellardi.in this work,

figures, or describes, forms of JSassa (of which more than two thirds are ranked

as species), to the niunber of 145 from the Middle, 130 from the Upper Miocene,

61 from the Lower, and 64 from the Upper Pliocene of Italy. Of these he regards

none of the Lower, and but one of the L^pper Pliocene, 4 of the Lower, and 5 of

the Upper Pliocene as living species,—the living species, 5 in all, being N.
mutabilis, Linne, in 3 vars. : N. gihhosula, Linne, 3 vars. ; N. reticulata, Linne,

in 2 vars. ; N. incrassata, Miiller, in 4 vars. : and IS. semistriata, Brocc, in 4
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Discussion.

Dr. GwYN Jeffeets expressed his regret that the author of this

important communication was prevented by illness from being pre-

sent at the meeting, and said that the paper exhibited indications of

the great energy possessed b}^ the author notwithstanding his bad

state of health. Great credit was also due to Mr. Eobert Bell for

his share of the work. After careful examination Dr. Jeffreys re-

cognized 50 species among the fossils obtained from the deposit at

St. Erth : but from the number given by Mr. Wood he deducted

5 for duplicates, and one which he thought was not a moUusk.

There were thus 44 or 45 species, out of which 11 or 12 are recent

and 33 or 34 extinct. Of the latter 11 only are known to him from

Tertiary deposits, 4 being of Miocene age, and all of them Pliocene.

22 species were unknown to him either as Tertiary or recent. For

the accurate determination of the species, the collection, when more
complete, would have to be critically compared with recent forms,

and the necessary allowance made for that slight divergence which
was always observable in the shells of species whose existence

extended over a long period of time. Dr. Jeffreys thought that the

author had not quite sufficient knowledge of recent Mollusca for his

determinations to be thoroughly accurate. The list of shells needs

a careful re-comparison with the species contained in the Tertiary

collections of Europe.

He further remarked that no deposits of Glacial age have hitherto

been found in the south of England. He was not clear whether the

St. Erth deposit was of Older Pliocene or possibly of Upper Miocene

age. Nassa serrata^ Brocchi, was one of the few species in the list

identical with Crag forms, namely Buccinum reticosum of Sowerby.

The deposit did not seem to him to be connected with any Crag bed.

A bed near Antibes, in the South of Prance, seemed to him to resemble

the St. Erth deposit in many of its characters, and the Mollusca of

these two deposits should be critically compared.

Prof. Pkestwich said that this discovery of Mr. Searles Wood was
the most interesting that had been made upon the southern coast of

England for many years. It was the first clear evidence from fossils

of a depression in Cornwall since Palgeozoic times, as the beds near

St. Austell contain no organic remains. The high- and low- level

beaches of Jersey and Guernsey are also unfossiliferous. He felt the

same difficulty as Mr. Wood in correlating the beds in Brittany.

The beds at Bosq d'Aubigny, in IS^ormandy, present many points of

analogy with those of St. Erth. There is the same preponderance

of Subapennine and Mediterranean species, with many Crag fossils,

but the species are different.

Mr. Etpteeidge thought that the author had been rather hurried

in drawing his conclusions, and that more stratigraphical and geo-

graphical evidence as to the distribution of the bed, and a careful

survey of the neighbouring coast were requisite. He said that

Mr. Solly had tried to make out the succession of the clays, and
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Mr. Bell had done much with the fossils, but no doubt many more
fossils were yet to be found, and the Foraminifera, which are nume-
rous, had not been determined. For his own part, he had much
faith in Poraminifera, when pro^Dcrly determined, as a means of

settling the age of such deposits.

Prof. T. jVI'K. Hughes inquired whether the fossils had been

carefully collected from both the yellow and the blue clay, and

where exactly the change in the fauna, which had been mentioned,

occurred. The yellow clay, he thought, must be only the oxidized

condition of the blue clay. He asked further what were the rela-

tions of the blue clay to the underlying sand, and of the sand to the

beds below it.

llr. Solly said that the section shown in the diagram was merely

diagrammatic ; it was not that of any one pit, but made up from

several pits. The junction of the sand with the blue clay is not

seen. He explained the relations of the different beds as seen.

Mr. Robert Bell explained that the blue clay varied in character,

the lower part being unfossiliferous, while the upper part contains

all the fossils, He objected to the deposit being called Miocene,

and, from the evidence of some of the shells, regarded it as nearly

of Crag age. The sand shown in the diagram was said to surround

the clay.
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10. I!^0TE on a Section near Llanbeeis.

By Professor A. H. Geeen, M.A., E.G.S. (Eead December 3, 1884.)

Those geologists who hold that the quartz-felsites between Llanberis

and Caernarvon are of Pre-Cambrian age, rest their belief mainly
on the fact that the conglomerate which they take to be the base of

the Cambrian rocks in that district contains numerous pebbles of this

felsite. It would be very desirable to have this inference confirmed

by direct evidence of stratigraphical unconformity between the two
rocks ; but I do not know that any one has been able to point to

a section where that conglomerate is seen actually resting on the fel-

site, and where there is an unconformity at the junction. The sec-

tion which I wish to describe, and which seems to have escaped the

notice of the geologists who have from time to time during the last

few years reexamined the district, does show the conglomerate rest-

ing with the most marked unconformity on a lower group of rocks
;

and it is for this reason that I call attention to it. I saw the section

first in the summer of 1880, and visited it again during the summer
of the present year.

The section is found in one of the cuttings of the railway which
runs from the Dinorwig quarries along the north-eastern shore of

Llyn Padarn ; to show its position with respect to the adjoining

rocks, I have plotted, in fig. 1, the section along the railway from

some distance on either side of it. We start at the south-eastern

end in the bottom beds ofthe slaty series which here forms the middle

member of the Harlech and Llanberis * group, and which is worked
in the Dinorwig quarries ; beneath this come alternations of slates

and grits, between 800 and 900 feet thick, dipping steadily in a

south-easterly direction at about 60°. Beyond these, a bed of

massive grit comes up ; it shows no lines of bedding, but the over-

lying gTits are well bedded and flatten and bend over it to the

north-west. Then follows conglomerate and breccia, with the usual

character of the basement conglomerate of the Harlech and Llan-

beris beds. The junction of the massive grit with the conglomerate

is nearly vertical, and is very likely a fault.

A little further on, the beds roll over and the conglomerate is over-

lain by grits dipping to the north-west. We then come to the part of

the section lying between the points P and Q, to which I wish to call

special attention (enlarged in fig. 2, p. 76). The first rock we en-

counter, marked A, is fissile and slaty ; it consists of a number of thin

layers, nearly vertical and all. lying parallel to one another, varying in

colour and composition, some greenish and sandy, others smoother,

veryflaky , and somewhat soapy. The question arises. Are these layers

beds or cleavage-laminse ? The marked diff'erence between them in

colour and composition is strongly in favour of their being beds. Next
comes a band marked B. The matrix of this rock is grey, or greenish

* To avoid the ambiguity which attaches to the word " Cambrian," I xise

this name for the beds called Cambrian by the Geological Survey.
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grey, with very smooth fracture

not unlike that of the felsite, but

the rock is soft enough to be

scratched by the knife and slightly

soapy to the touch : it contains

many blebs of quartz and fragments

of other minerals and rocks, all very

much altered : it is very decidedly,

but rudely, cleaved, and the clea-

vage-planes bend in a wavy way
round the fragments. The surfaces

bounding this band of rock are

parallel to the laminae of the rock

A. The rock C, that comes next,

is a breccia with a dark grey ma-
trix; the fragments are all flat-

tened and lie with their flat faces in

the same direction ; there is a rude

wavy cleavage with a tendency to

bend round the fragments. We
have here then three bands of

rock, all differing in lithological

character and separated from one

another by parallel and nearly

vertical planes ; one of these bands

(A) is made up of numerous
laminae, each differing from its

neighbour in composition, and these

laminae are aU parallel to one

another and to the planes which
separate A from B, and B from C.

These facts, it seems to me, admit
of only one interpretation. The
rocks are bedded and in a nearly

vertical position ; there is clea-

vage as well, and the cleavage and
bedding coincide ; but while the

flakiness of the rocks B and C is

due to rude cleavage, the plane

separating these rocks from one
another, the plane separating B
from A, and the planes of lamina-

tion in A must, I think, be planes

of bedding.

These flaky rocks occupy the

whole face of the cutting for a space

of about twenty yards, but towards
the north-west end a capping of

conglomerate comes on above them.

The junction slopes down to the

"
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north-west, and the conglomerate creeps over the flaky rocks

with a rapidly increasing thickness till it conies down to the level of

the railway. This conglomerate has the same character as that seen
on the other side of the flaky rocks ; it contains a few fine slaty

bands which give the dip and show that the beds are rnnning down
at moderate angles to the north-west. I could not see the actual

junction of the flaky rocks with the grits to the south-east of them,
but I traced the two to within a few feet of one another, and it

seemed likely that they were separated by a fault.

Eig. 2.—Enlarged Section hetiueen the j)oi7its P and Q, in fig. 1.

N.W. S.E.
Conglomerate.

, Grit.

Dyke. c

A. Fissile flaky rock. B. Greenish-grey fragmental rock.
C. Grey breccia.

There seems to me no room for doubt that in this section we see

the top of a projecting boss of a group of rocks underlying the
Harlech and Llanberis beds, and that the conglomerate rests on these

rocks with the strongest possible unconformity.

Further proof of the unconformity is found when we examine the

hill side on the north-east of the railway. Por some way up (fig. 3)

Pig. 3.

—

Section at right angles to the Railivay, hetiueen the points
P and Q,.

S.W. IST.E,

Eailwav.

we find the fissile rocks peeping out every here and there in gullies

and other depressions, with the conglomerate lying upon their edges.

I am afraid it may be thought that I have been unnecessarily

prolix in my account of this small section, and I certainly should

not have thought that there was any need to give, at such length, the

evidence for what seems to myself a very simple matter, if it had
not been for the following circumstance. I believe that the section

just described is the one figured by Sir A. Eamsay in the Survey
Memoir on Xorth Wales (pp. 178, 179, figs. Q2 and 63), and he

there gives a reading of it very different from my own. He calls



PROF. A. H. GREEX OX A SECTION NEAR LLANBERIS. 77

attention to the strong cleavage and the flattening of the fragments

in the rocks B and C, and he shows these rocks as vertical on the

south-east, so far agreeing with myself : but on the north-west he

makes the beds flatten, and draws across the flaky rocks lines of

bedding sloping at a moderate angle to the north-west, running in

fact parallel to the junction of the conglomerate and the flaky rocks.

In short he makes no distinction between the flaky breccias and the

conglomerate, but looks upon the former as a part* of the latter

somewhat altered in character by intense cleavage. It is with no
small amount of diffidence and regret that I feel bound to differ

from my old honoured master ; but I feel sure that the bedding of

the flaky breccias is nearly vertical from one end of the exposure to

the other. Further, these breccias prove on examination to diff'er

totally from the conglomerate, and, indeed, from any part of the

Harlech and Llanberis group, in their character and origin. I

cannot therefore accept his interpretation.

To this point, the nature and origin of the flaky breccias, we
next come. Under the microscope, with a power of 40 diameters,

the matrix of C is seen to be fine dust full of minute plates and
films of a micaceous mineral that, under crossed nicols, is golden

yellow shot with green and red. Among the fragments are a few
blebs of quartz, bits of kaolinized felspar, a fragment very like a bit

of quartz-felsite, and several pieces of dark vesicular scoriae ; but the

larger part of the fragments are not exactly determinable on account

of the alteration they have undergone ; they remind one of basic

crystalline rocks that have been very thoroughly serpentinized and
viriditized, and in part converted into calcite.

The matrix of B is generally similar to that of C, but finer and
more uniform in grain ; it lies in long wavy bands which bend
round the fragments and simulate very closely true fluxion-structure;

the fragments are most of them similar to those of C, but not so

numerous, and quartz is more abundant ; there are a few plates of

mica and some bits that remind one of fragments of crystalline

schist.

In general character both these rocks are ver^- like rather coarse

volcanic tuffs, and the presence of vesicular scoriae in C is in favour

of the view that this is their character. Professor A. Geikie tells

me that they are very like some of the tuff's of St. Davids which are

classed by Dr. Hicks as Pebidian.

. It may be desirable, though perhaps hardly necessary, to point

out that the unconformity of this section, strong as it is, does not
necessarily indicate any great difference in age between the con-

glomerate and the breccia on which it lies. These breccias are of

volcanic origin, and the irregular and restricted upheavals and dis-

turbances, which are always liable to occur where volcanic activity

is going on, are quite competent to bring about unconformities

* "Part of the conglomerate consists of slaty pebbles in a slaty matrix, the
whole being affected by slaty cleavage, remarkable on acccnnt of the pebbles
being elongated in the direction ot the cleaTage-liaes." ''Geol. of Is"". Wales,
p. 179.)
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quite as marked as those of the present section, -vrMch are purely

local and -svould be found to disappear if "vre were able to trace the

junction of the two groups of rocks over a lai'ge area.

The remaiader of the section along the railway explains itself;

but I may mention that the natui'e of the junction between the

conglomerate and quartz-felsite at the north-western end is doubt-

ful ; it may be a fault, but there is nothing whatever to show
whether it is or not. The matrix of the conglomerate is very

instructive ; it is mashed up and reaggregated felsite, and it has

been so little altered by the breaking-up, and has been so firmly

bound together again, that it bears a very close, though of course

superficial, resemblance to the felsite itself. This resemblance does

not altogether disappear even under the microscope. The pressure

which the conglomerate has undergone has squeezed the fine portion

of the matrix into wavy flowing bands which bend round the blebs

of quartz, so that a structure has been set up in this clastic rock

which simulates most closely the fluxion-structure of the felsite

itself. The quartz crystals and blebs, too, of the conglomerate have
often been so little damaged during the disintegration of the felsite

that they still retain exactly the same appearance as in this latter

rock. Lideed if we cut a slice from the conglomerate so as to steer

clear of pebbles, it would very frequently be undistinguishable under
low powers from a slice cut from the felsite ; it is not till they are

magnified some 300 diameters that the difference between the two
comes out.

Discirssiox.

Prof. T. ]\I-'K. Hr&Hzs gave an explanation of the section, and
indicated some details showing what he regarded as the behaviour

of the beds. If older beds come up at the point indicated, they

would probably be Pebidian. He stated that the section was very

complicated, and the particular portion described by the author does

not, perhaps, carry with it the same conviction that other sections

do. The conglomerates are made up of the underlying rock to such

an extent that it is sometimes difficult to distinguish the one from
the other, where both are squeezed, faulted, and contorted. The
X.E. and S.W. section, as shown, did not explain itself except with
the intervention of faults. The priucipal section appeared to be
correct in the maui ; but perhaps some modification might be neces-

sary in details.

Dr. Hicks said that he had very little to add to Prof. Hughes's
remarks. He also would not have selected this section as the best

example of the unconformity between the Cambrian and Pie-

Cambrian in this area. The section, however, was an important

one, as it showed that the Pre-Cambrian rocks extend further

towards Snowdon than had previously been ascertained. At the

y.TT. end of the section there were clear indications of unconformity,

but masked partially by faults. From the present evidence it is

clear that an unconformity does exist. The important point to be
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remembered is that the cleavage in Pre-Cambrian beds is of earlier

date thau that occurring in the Harlech and Llanberis series, as may
be shown by an examination of the fragments of the former in the

latter. These fragments, as he had often stated, showed the

original cleavage as well as the effects of subsequent crushing.

Mr. EuTLEY remarked that he believed rocks of the class described

were not uncommon, as, for example, on the flanks of Snowdon
between Llyn Llydaw and Llyn Tejrn, having cleavage coincident

with the bedding. He thought the quartz-felsite described by Prof.

Bouney as old rhyolite might be expected to reappear, instead of

the beds beneath the breccia, and wished for definite information

concerning the character and position of the lower series of rocks

between the quartz-felsite and the fissile breccias exhibited.

Prof. Hughes explained that the newer series being absolutely

unconformable to the older, the different beds of the latter appeared

below the base of the newer series successively, and the Pebidian

might well come in the spot indicated.

The President stated that he knew the section described, which
he had visited with Prof. Hughes. The junction of the conglo-

merate and felsite was very obscure. In the part between P and Q,

in the diagram the lower part of the conglomerate, as he had con-

sidered it to be, has a peculiar appearance, and is no doubt the rock

described by Prof. Green as a breccia. At all events the section is

not so clear in nature as in the diagram. The section at Moel Tryfaen

is similar. On the south-west of Llyn Padarn one meets with a

puzzle of something the same kind,—quartz-felsite, then conglo-

merate, then (apparently) cleaved felsite, then conglomerate again

;

and it is not clear whether the conglomerate rests unconformably
on the felsite, or whether there is a series of faults complicated by
dykes. Professor Green's reading of the section might be the

correct one, but he felt very doubtful.
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11. Oil some AVest Ixdiax Phosphates. By G-eoe&e Hr&HEs. Esq.,

E.C.S. Commiinicated by W. T. Bla^tfoed, Esq., LL.D.,

F.E.S., Sec. G.S. (Bead ^s^ovember 17, 1881.)

From: tlie specimens of TVest Indian phosphates and coral I have the

privilege of bringing under your notice, I desire to direct your
attention to the fact that, nnder certain conditions, it is possible for

coral-stone to be converted into phosphate of lime. Dana, in his

work on Corals and Coral-islands, speaking about the formation of

Holland's Island, says :
'' Some interesting pseudomorphs occur

buried in the guano of this island. Coral fragments of various

species were found that had long been covered up under the deposit,

and in some of which the carbonic acid had been almost entirely

replaced by phosphoric acid. In such I have found 70 per cent, of

phosphate of lime. In many 'others the change was only partial,

and on breaking some of these, in the centre was usually found

a nucleus or core of coral stiU retaining its origiual hardness and
composition, while the external parts had been changed from car-

bonate to phosphate, which, though soft and friable, stiU preserved

the structure and aj)pearance of the coral."

My attention was first directed to this fact in the island of Bar-

buda, where I found a small vein, rich in phosphate of lime, starting

from the bottom of a cave in the face of a coral clifp. The earth in

this cave consisted of phosphatic guano formed from excrement of

bats, and similar in composition to the earth that is generally found
in tropical caves. The water draining from this guano-earth must
have contained phosphoric acid in solution, probably as phosphate

of potash, soda, and ammonia, and subsequently, passing through the

coral, caused the remarkable change in the composition of the rock

with which it came in contact. The specimen of stone taken

from this particular vein, shows that, whilst one portion remains

white and consists of carbonate of lime, the other portion of

the same stone that entered into and formed part of the vein is

coloured yellow from organic matter, and the carbonic acid has been

almost entirely replaced by phosphoric acid.

It is, however, to the deposit found in the island of Aruba that

I desire to draw your special attention, because there this process

of phosphatizing the coral has been in operation on a most extensive

scale. The deposit is estimated to contain not less than 500,000 tons;

it occurs at the extreme point or cape of a peninsula of coral

;

the headland is called Sierra Colorado (or red hill), and rises about

300 feet above the level of the sea and about 200 feet above the

level of the coral that connects it with the island of Aruba. My
opinion is, that when this hill existed as a small island, or " cay,"

and the coral reef between it and the then main island of Aruba
was submerged, it was the resort of sea-fowl, and their excrement,

like the bat-guano, containing soluble phos]3hates, caused the change
in the rock upon which it was deposited. There is no trace left of
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the phosphatic guano upon the surface ; but the solid rock is now
rich phosphate. From these specimens of the phosphatized coral

it will be seen how complete has been the change, and at the same
time how perfectly the coral has retained its structure.

These specimens of phosphatized coral yield from 78 to 80 per cent,

of phosphate of lime, and, so far as the deposit has been shipped as

yet, the cargoes have tested over 76 per cent, of phosphate.

Analysis of a Sample of Aruha Phosjohate.

Moisture "62

Water of combination and traces

of organic matter 2"91

Phosphoric acid 35'70 (equal to tribasic phosphate
Lime 46-37 ofHme 77-93)

Oxide of iron 1-80

Alumina 2"95

Carbonic acid 1-53 (equal to carbonate of lime, . . 3-54)

Sulphuric acid 1*55

Fluorine &c 4-22

Silica 2-35

100-00

Other deposits of phosphates found in the "West Indies owe their

origin to direct marine deposit of bone, as, for instance, that of

Curacao. In the next island to Curacao (Bonaire) I have seen the

coral over an area of two miles to contain fossil bones and teeth

scattered in all directions. The specimens I have the pleasure of

showing you from that island give a very good idea of how these

bones occur ; and had they been deposited in one spot, as in

Cura9ao, we should have been able to have worked a good deposit.

Discussion.

Mr. B. B. WooDWAEi) asked if in the West Indies the same con-

ditions were found as in some of the islands of the South Pacific,

namely, the carrying-down of phosphates into the mass of the coral-

reef, and the subsequent removal of the carbonate of lime leading to

the formation of casts of corals in the phosphate of lime.

Prof. T. Rupert Jones asked if there are any guano-islands in the

West Indies now.

Mr. Htidleston asked if the facts observed threw any light on the

formation of the phosphatic layers in the Cretaceous rocks.

The Author replied to Mr. Woodward that he had not observed

casts of corals in phosphates found in the West Indies. To Prof.

T. Eupert Jones, that guano-deposits are still in course of forma-

tion, as, for example, in the Monks Islands near Aruba. The rain,

however, dissolves out the soluble phosphates, which are lost, as the

rocks on which these deposits occur are of a siliceous nature. The
insoluble portion of the guano forms a crust upon the rock. To
Mr. Hudleston, that this replacement of carbonic acid by phosphoric

acid might throw light upon the formation of phosphatic layers in

the Cretaceous rocks.

Q.J.GS, No. 161. Q
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12. On the Lo"web EocEifE Plant-beds of the Basaltic Poemation of

Flstee. By J. Siaeele Gaednee, Esq., F.L.S., F.Gr.S. (Eead

December 3, 1884.)

Tke, general features of the basaltic district of Ireland have been too

frequently described to need more than a few introductory words
here *. It is situated in the jS".E. of Ireland, and forms a plateau

with steep escarpments on every side, except in the direction of

Lough iS'eagh. The formation rests upon a very uneven surface, and
the thickness of the lowest of the three divisions into which it has

been classified is thus very variable. It is described by Hull as

"silicated felspathic trachytes, porphyry, pearlstone, pitchstone."

But a good deal of the lava resting upon the Chalk appears outwardly

to be amorphous trap. The second division contains all the plant-

beds hitherto found in the basaltic formation in Ireland, with the

possible exception of those of Lough x^eagh. The third is composed

of solid sheets of columnar and amorphous basalt. The greatest

total thickness observed in Ireland is at Sleamish, a mountain 1437
feet high, aU that is visible (at least 1100 or 1200 feet) being com-

posed entirely of basalt. These basalts have been eroded on a colossal

scale, for the valleys are scooped out of solid horizontal sheets, as

pointed out by Conybeare to this Society so long ago as 1816 f.

They seem to have formed almost the southern limit of a formation

which once stretched continuously to Iceland, and to what thickness

they were origtaally erupted can never be known ; but the upper or

columnar basalt series, now only 400 or 500 feet thick in Antrim, is

believed to expand to the immense total of from 3000 to 4000 feet in

Mull, only some 70 miles distant. One of their most characteristic

features, as in Iceland, is the relative rarity of dykes. TThen present

their prevailing trend seems to be S.E. to ]S'.W. I believe the idea

that any traces of necks or craters remain, through which such masses

could have been erupted, though once strongly advocated J, is now
abandoned, and the theory that at least the upper series welled up
through fissures, represented in part by the four gigantic dykes seen

on the north coast, will, perhaps, be more generally acceptable.

The middle horizon, in which most, if not all, of the sedimentary

deposits containing plants occur, marks a very considerable interval

of time during which the slow disintegration of the basalts permitted

the formation of iron-ores to a thickness of 40 or 50 feet and also of

great masses of lignite. The sedimentary deposits of Glenarm and

of BaUypalady, at least, show the passage of larger bodies of swiftly-

flowing water, and were formed in the bed of a river. The lignites

* Hull, Phys. Geol. & Geogr. Ireland, chapter iii. ; Einahan, Geology of Ire-

land, 1878 ; Portlock's Eeport on Londonderry and Tyrone ; &c.

t Geol. Trans, vol. iii ; Berger on the Geological Features of North-east

Ireland, p. 127.

X Hull, Phys. Geol. & Geogr. Ireland, 1878, chapter iii.



OF THE BASALTIC FOEMATIOX OF TJL8TEK. 83

show that this was bordered in places by marshy or boggy land. All

the physical data combine to prove how vast the antiquity of this

part of the formation must be ; but as I have recently discussed

these at some length elsewhere (and those interested can follow my
arguments in the ' Report of the Belfast JSTaturalists' Field-Club

'

for the year 1884), I do not propose at present to allude to them
further. Conclusive, however, as the inferences deduced from phy-
sical data appeared, I am able, through still more recent investigations,

to set aside the whole of this evidence, and to demonstrate on simple

palseontological data that the plant-beds are actually very low down
in the Eocene series. All are aware how universally they have
hitherto been regarded as Miocene. IN'othing, indeed, in the progress

of geology appears more remarkable than the almost complete una-
nimity with which their age has been accepted, when the character

of the evidence is examined. Of the many distinguished writers on
the basalts of Ireland and Scotland, not one has called it in question

;

and Prof. Hull, for instance, almost apologetically ventures to speak
of the lowest trachyte or porphj-ry of Sandy Brae as " possibly be-

longing to the latter part of the Eocene series
;
" " at any rate, such

is the contrast to the overlying sheets of basalt of known Miocene
age, that I am constrained to infer a considerable lapse of time

between their respective eruptions "*.

As I propose to review this evidence at length elsewhere, I do not

think it necessary to do more than glance at it now. The first

description of any inter-basaltic plants was communicated to this

Society by Edward Eoi^bes in 1851 f. Our knowledge of Tertiary

plants was very meagre thirty-three years ago, and he was only able

to hazard the opinion that, judged by the then state of our know-
ledge, they were " decidedly Tertiary," and " most probably " Mio-
cene. Heer + subsequently claimed two of them as Miocene forms

;

but the first is merely a yew-like coniferous twig, probably a Taxus,

that might be of any age ; and the second a dicotyledonous leaf which
finds its parallel equally in the Cretaceous and in the old Eocene of

Sezanne. Many of the Mull plants are also found at Atanekerdluk

;

but the age of these beds has been settled in precisely the same per-

functory manner as in the instances we are discussing. It occurred to

somebody that the Antrim and the Mull plants must be of the same
age ; but the only notice I can find of any actual comparison of them
is by Baily §, whose conclusion that they differed as a group tells in

an entirely opposite sense. I am, in fact, personally aware, so far,

only of one plant in common ; and this is not only rather doubtful,

but was discovered at Mull only three or four years ago, and is not

yet published ||, nor has it been made use of by any one for

comparison. The Irish plants are all from below the columnar
basalts and are very considerably older than the Mull plants, which

* Hull, Phys. Geol. & Geogr. Ireland, 1878, chapter iii.

t Quart. Journ. Geol. Soc. toI. vii. (1851), p. 103.

\ LyeU's ' Elements of Geology.' 6th edit. 1865, pp. 261, 262,

§ Quart Journ. Geol. Soc. vol. xxv. (1869), p. 360.

II
Since published in the issue of the Palaeontographical Society for 1884.
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occur among the columnar series. J^ow there is only one flora, whose
age is stratigraphically ascertained, that the Irish plants resemble;

and this is the Heersian flora of Gelinden, so low down in the Eocene

that we have no representatives of it in England. The resemblance

is not superficial, but, as I intend to demonstrate on another occa-

sion, fundamental. Already in the Mull beds, and equally in our

oldest English Eocene floras from below the London Clay, the Heersian

characteristics have disappeared. On the other hand, these Irish

floras have not one single element in common with any of ascertained

Miocene age. In this communication these must remain merely bald

statements requiring corroboration ; but I intend, as I have said, to

go so fully into the matter at a future time, that it would be useless

to do so imperfectly row.

I will now proceed to describe the actual localities whence the

plants are obtained, so that the conditions under which thej' have

been preserved may be realized. The Ballypalady locality has been

described to this Societj^, and I therefore content myself with a

reference to it almost confined to points previously overlooked or

where my interpretation differs. The Glenarm mine has only been

described at second-hand and from recollection, owing to its having

been inaccessible for many years, and no account of it has been laid

before this Society. The BaUantoy beds have only yielded an insig-

nificant number of plants, and are therefore not of very great interest.

The Lough-jSTeagh beds, on the contrary, are of such vast extent and
thickness and so little is known regarding them, that I have thought

it well to collect all the actual observations I can find on record

likely to assist in determining their age. Hull and Kinahan unite

to consider them Pliocene ; but it will be seen that some of the older

writers agree with members of the Belfast Eield Club, especially

Messrs. Gray and Swanston, in considering their age to be contem-
poraneous with the basalt ; and this view I do not hesitate to uphold.

Einally I have thought it useful to add, for comparison, some notes

taken during a two days' visit to Ardtun Head in Mull.

Before going further, I cannot help calling attention to the re-

markable support the physiography of this district lends to a theory

I have sometimes advocated, namely, that the addition of weight at

any given spot causes a depression of the earth's crust in some degree

equal to this addition. The basalt forms a high plateau on every

side except towards Lough l^eagh. Here there is an area of at least

40 square miles of accumulated sediment which has been bored to a

depth of 300 feet without bottom, and here only are the basalts

dragged down, as it were, to beneath the sea-level. I have further

shown that the theory, pushed to one of its logical conclusions, de-

mands a slight uptilting of coast-lines and that cliffs should have an
inland dip. A glance at the arrows on the Geological-Survey map
shows that the dips are invariably in accordance with this theory,

falling away from the sea with every point of the compass demanded
by the shore^con tours, producing anticlinals on the opposite sides of

sea-loughs. Again, though the lofty shore dips inland as usual

opposite Eathlin Isle, the strata are exactly reproduced there on a
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lower level and with the same dip, a repetition that could only occur

through subsidence.

The Ballypalady Leaf-bed.

The beds were first exposed in a small railway-cutting about a mile

north of Templepatrick station. A quarry was subsequently opened in

them in a ravine a few yards to the south, and has been worked some
200 yards east and west, with a depth of about 25 feet. A massive

basalt dyke separates it from the cutting, so that it is impossible to

say whether the section on the higher level is an upthrow of the

beds seen in the quarry or a higher portion of the series which
should be added to its thickness. The total thickness is in any case

unknown, as the quarry does not expose the base. The beds are

laminated, indurated, ferruginous earth, fine breccias of altered

volcanic material, and thin seams of lignite irregularly deposited

and somewhat twisted. The prevailing colour is an ochreous brown.
The breccias, though coarse, seem wholly free from any mixture of

the older rocks, and contain neither flint nor lime derived from the

Chalk.

The plants do not appear to be confined to any particular horizon

or patches, but are distributed, in more or less perfect preservation,

wherever the matrix happens to be sufficiently compact, and fir-

cones are found even in the breccias. The beds have hitherto been
supposed to be lacustrine ; but the coarseness and brecciated nature
of some of the layers, and their irregularity, indicate the bed of a

shifting river subject to variations in volume. The width of the

deposit cannot be ascertained ; but in the cutting about a quarter of

a mile to the south the beds seem possibly Geyserian and to have been
subjected to great heat. Their horizon has been determined by the

Geological Survey at some 600 feet from the base, and 400 feet from
the top of the basaltic formation.

Iron-ores, boles, lithomarges, and pisolitic ores are widely distri-

buted through the basalts, for the most part on one horizon, but are

destitute of all plant-remains except wood. They are unfortunately

nowhere fossiliferous except at Ballypalady ; but as the section there

is not complete, it may be useful to supplement it with one quoted
in the 'Guide to Belfast ' by the Naturahsts' Eield Club, p. 60, at

Belumford, Island Magee. Here the pisolitic ore averages about
18 inches thick, the aluminous ore varies up to 5 feet thick, and
the lower or lithomarge bed is sometimes found as thick as 40 feet

or more.

The Glenarm Leaf-hed.

This bed occurs in the iron-ore and bauxite mine of Libbert*,

about a mile in rear of Glenarm, and about 700 feet above the sea-

level. The Chalk crops out in the road, and the basalt a little above

* The mine was fidl of water and quite inaccessible for some years past,

until I had it drained and reopened.
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it ; but the rest of the hill is masked by Boulder-clay. The horizon

of the leaf-bed must, however, nearly approximate to that of

Ballj^alady.

The adit is level, and after piercing about 30 feet of Boulder-clay,

reaches a compact sandy clay in which the plant-remains occur.

Beneath this is an indurated micaceous sand, the base of which is not

exposed, so that its thickness cannot be measured. The miner

whom T employed stated that the base was lithomarge, but he did

not know how deep down this occurred. The leaf-bed itself occurs

at the angle of a cross-cut and does not reappear on the opposite

faces ; it is bounded on one of the remaining sides by the Boulder-

clay, and on the other by a slight downthrow, so that its superficial

extent is very limited. The bed is about six feet thick, but well-

preserved leaves are confined to about one foot, where the matrix is

whiter and more laminated clay. The rest of the bed is greyer and
more sandy, and contains dark and ill-defined impressions of leaves,

limbs, and trunks of trees, and extends a considerable distance into
' the mine. Above this is a singular conglomerate of well-rounded

pebbles of very hard clay in an equally indurated paste. The
surfaces of these pebbles are here and there polished and striated by
pressure, and darkened so that they exactly resemble flints to the

eye. This conglomerate is succeeded as well as sometimes replaced

by coarse quartz-grits, the grains being always cemented by the

same paste. These and the grey micaceous sandy clay are at least

30 feet in thickness. The bauxite rests upon this and also contains

masses of lignite and lignitized wood. Deeper in the mine it

becomes blotched with red and gradually passes into an iron-ore,

which also overlies it, and which, with a band of lignite, completes

the series of sedimentary deposits up to the basalt. The lower parts

of the deposit were undoubtedly formed by running water of some
swiftness ; but the upper parts (the lignite, the bauxite, and iron-ore)

are the results of more tranquil deposition. The bauxite may be
the finer residuum from the decomposition of granite, or of basalt,

with the iron &c. removed by some natural process; but it is

evidently not Geyserian, as the bauxites of France have been
surmised to be.

The Ballintoy Leaf-bed.

The leaf-impressions are found in compactly laminated lignite, and
the leaves present a somewhat glistening surface in contrast to the

dull black of the matrix*. Wood-structure is also well preserved,

and can be recognized as coniferous. The lignites are here directly

overlain by the basalts, but rest on carbonaceous clay with rootlets

in the usual manner. Their thickness appears to vary from 2 to 5

feet ; but they are, in places at least, separated into two beds by
intervening clay. The beds extend for some distance, and the

* Traill mentions the occurrence of plants in the clay under the lignite, but

I have not myself come across any in this position. He places the lignites of

Ballintoy at some 30 to 40 feet above the bole.
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formation appears to be the most extensive of its kind in Ireland.

Ballintoy is on the coast, a little east of the Giants' Causeway,

Lignites occur in many other places within the basaltic area, and

occasionally present themselves in the escarpments all round its

borders. In no other district, however, have any defined leaf-

impressions been detected, and their interest is therefore purely

stratigraphical. Wood in a very interesting state of preservation

is obtained from the neighbourhood of the Causeway. It is very

fibrous, of reddish rust- colour, and almost satiny sheen. The
whole tissue has been replaced by oxide of iron, leaving every

detail of structure in marvellous preservation. Mr. Carruthers

kindly examined it with me and concluded that, unlike all the

silicilied wood we have yet seen from Lough Neagh, it is of pine and

not cypress wood. A considerable bed of lignite, stated to be six

feet thick, crops out in the grand section above the Causeway, and

there are ochreous earths at several horizons ; and even so far back

as 1836 jS'asmyth found what he took to be charred branches of

trees in the red haematite there *. At a place called Lemeneigh the

lignite is overlain by compact reddish earth ; and in the not distant

bauxite-mine the lignite, five feet thicJ^, is directly overlain by basalt,

and rests upon impure bauxite with veins of lignitic matter, then

purer bauxite, merging, as at Glenarm, into iron-ore. In the spoil-

bank here I found a single impression of a leaf; but though
Mr. Swanston and I made every search in the mine, we could not

find whence it came. The lignites, iron-ores, and bauxites are here,

as elsewhere in Antrim, on practically the same horizon.

The LougJi-NeagJi Formation.

The lignitic series of Lough Neagh is very considerable, occupy-
ing about 180 square miles, including the entire Lough, except the

northern shore between Ballyronan and Sandy Bay. It has twice

been bored near Anaghmore to a depth of about 260 feet t, at

Portmore to 240, and Dernagh to 173 J, without having in any of

these instances been penetrated. Its total thickness can therefore

only be inferred §.

Its composition is similar to that of the Tertiary formation at Bovey,
being a mass of alternating white, brown, greenish-blue, and red
plastic clays, white and grey sand, with irregular beds of lignite.

Judging from the composition of the series it seems probable that

it may contain many fossiliferous bands.

The numerous writers upon it agree in placing its stratigraphical

position above the Chalk and beneath the Boulder-clay. It is also

believed to rest on basalt throughout a great part of its area, but to

overlap and rest on the Trias in the direction of Tyrone. The only
two points where it appears to have been actually observed resting on

* ' Autobiography of Nasmyth,' by Smiles, 1883.
t G-rifEth, ' 2nc) Eeport of Eailway Commission/ p. 22.

X Hardman, ' Journ. Eoy. Geol. Soc. Ireland,' vol. iv. p. 176.

§ Hardman, Expl. Mem. to Sheet 35, Geol. Survey of Ireland, estimates theit
maximum thickness at not less than 500 feet. Portlock's Eeport, p. 74.
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basalts are in the Ballinderry river (where it is described by Portlock

as " alternate layers of sand ard imperfect lignite, in fragments 1 to

4 inches thick," 6 feet ; bine clay, no depth stated ; basalt) and in

the Crumlin river* (where it is only 7 feet thick, 3 of which are

coarse gravelly matter and 1 foot a bed with shells). Mr. Swanston f
and others have shown that in this latter example a drift with
fresh-looking shells of Mytilus eclulis t liad been mistaken for the

Lough-]S!'eagh beds ; while even at Ballinderry the section does not

seem to have been accurately observed, and might be in a redeposited

mass. There is great probability, however, that a large part of the

formation may actually rest upon basalt ; but the view embraced by
the Geological Survey of Ireland and others, that the entire formation

is newer than the latest basalts, seems opposed to the evidence ; and
the inferences that it is Pliocene, Pleistocene, and even practically

the delta-formation of existing rivers, and intimately connected with
the present lake, are, to my mind, wholly unwarranted. It may be,

as at Bovey, that the beds are in places, however, covered with a recent

head. The position and inclination of the beds would lead me to

place them low down among the basalts, and in the Glenav}' river a

mass of basalt all but rests upon them. This relative position has
been explained by supposing that the basalt forms an old cliff-line

against which the lacustrine beds terminate ; but Mr. Swanston has

combated these views, and believes the Lough-Neagh Beds to be
inter-basaltic. I think the further considerations to be brought
forward support his belief.

A question no less vexed, and inseparable from the other, is the

age of the celebrated petrified wood of Lough i^eagh." The best

recorded fact concerning it is the oft-quoted statement of Barton §,
a resident and very careful observer, that there was a bank some 12
feet high and 90 feet from the lake, at a place called Aahaness,
opposite Eam's Island, where a section was obtained by digging,

in 1757, as follows :
—" The upper stratum was a bed of red clay, 3

feet deep ; the second blue clay, 4 feet ; the third black wood, 4
feet, reposing on another stratum of clay. This stratum of wood
is of one uniform mass, and is capable of being cut with a spade.

Sometimes the wood will not easily break ; in that case it requires the

aid of some other tool to separate it from the mass ; and may, if

properly done, afford a block of 200, 300, or 400 lbs., which, being
carefully examined, is found to consist more or less of stone "|| . This

statement is very explicit and is corroborated by Dr. Scouler,

Professor of Mineralogy to the Boyal Dublin Society, who adds :

—

* Hardman, Geol. Mag. 1876, p. 556.
t Swanston, ibid. 1879, p. 64.

X Mr. Swanston adds in a letter to me that the presence of Foraminifera
with the Mytilus proves these clays to have been of marine origin, and the pre-
sence of glaciated pebbles in the " 3 feet of coarse gravelly matter " puts them
into the drift.

§ Eichard Barton, B.D., ' Lectures on L. Neagh,' 1751, pp. 5 & 139, also

discussed at length in Portlock's Eeport, p. 75.

II
Eev. J. Dubourdieu, 'Statistical Survey of the County of Antrim,' 1812,

p. 187, states that the wood is often only partly stone, the brittle wood joining
on in one continuous piece.
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" but to remove all hesitation on this head, a man was employed in

digging till I could obtain both kinds of wood "*. I was personally

prepossessed in favour of the theory that the lignites were the true

matrix of the silicified wood, as I have met with partially silicified

cores to lignitized trunks at Stafholt, in Iceland, and Cushendall, on

the Antrim coast. At my suggestion Mr. Swanston, F.G.S., and Mr.

Stewart, F.L.S., both most able observers and much interested in the

question, visited Lough Neagh on the 17th November last, and were

fortunate enough to obtain evidence which I think it must be admitted

sets the question at restt. Their observations are as follows :

—

" IS^ear the ferry across to Rams Island, on the level fringe at margin

of the lake, a shallow pit has been sunk, and under about 18 inches

of surface-gravel a compact bed of lignite has been struck, and several

tons of it thrown out. The material is mostly woody, showing a

distinct structure, and seems to have been a deposit of broken drift-

wood. Mixed with it irregularly is a good deal of vegetable matter

greatly broken up. Twigs can be identified in it, but no leaf-form,

although from its flaky character it would seem to be mainly made
up of decayed leaves. "We became greatly interested ; and on asking

the farmer whether he had found any petrified wood in it, he told us

that he had carted some of the lignite to his house for burning, and
that the heart of the largest piece turned out to be stone, which he

kept, and he was good enough to go with us to the farmstead and
give it to us. It was a piece of veritably silicified wood. On
examining the heap he had carted, I came on another piece, possibly

a fragment of the piece that had been burned, leaving no doubt as to

where they came from. The pit has only been sunk to a depth of 4
feet, the lignite being compact and undisturbed, but enclosing small

patches of white plastic clay." Mr. Swanston further observes that

Barton's description is remarkably exact ; for after baling the water

out of the pit, he set to work with a spade and dug into the mass.

It required great efforts to force the blade of the spade to its fuU depth

into it, as it was not of uniform density, the wood being hard and
the other vegetable matter more yielding. The lignite appeared to

dip towards the Lough 10° or 15° INT. or N.W. The lignites are

also cut into at another point north of the Gleuavy river, but the

spot is at the present winter-season inaccessible owing to the high

level of the water. It seems tolerably evident that the silicifying

process only takes place where the lignite is of great thickness and
the trunks large and compact. The wood is found most abun-

dantly at Glenavy, where these conditions conspicuously exist, as

proved by records of borings in the immediate vicinity. Thus
Donald Stewart +, emj^loyed by the Royal Dublin Society, says

that at Portmore " they bored through two beds of coal, or what
is called black wood, 25 feet thick each, and a third 9 feet thick

and 80 yards deep ; they bored 18 inches into a 4-feet stratum,having

* Journal Greol. Soc. Dublin, vol. i. p. 235.

t Letter from W. S. Swanston, 18th November, 1884.

i Scouler, I. c. p. 236.

Q.J.G.S. No. 161. H
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lio more rods to go deeper." A boring at Sandy Bay gave, according

to Giiffiths * :—
ft. in.

Blue clay 10
Black limite mixed with blue clay 25
Clav 2 6
BlackHguite 20
Clay 4
Black Lignite 15

76 6

The area on the Lough over which silicified wood is found extends

from Lungannon to Gleiiaxj, a distance of 20 miles. Mr. Gray, of

Belfast, has found petrified wood from the drift at Coleraine, taken

from a well in the Boulder-clay, 40 miles northward from the

mouth of the Crumlin river. Also from the Boulder-clay in a deep

cutting at the back of the site for a manse at Cullybackey, 20 miles,

and from a cutting in the Boulder-clay for a road between Eandalstone

and Toome, 10 miles north of the mouth of the Crumlin. On the

south side Mr. Gray has only observed it in the drift-gravels within

the Maze race-course, 12 miles E. by S. from the same point,

Lawrencetown t, where siliceous lignite has been found in trap,

is 17 miles south of the above point. Mr. Gray also calls attention

to the fact that lignite like that of Lough Keagh crops out at

Dundrod, half way between Crumlin and Belfasr i. These are

outliers, and interesting as showing the extent of the deposit before

it was denuded. It is hardly possible for the silicified wood to have
travelled north during the Glacial Epoch unless the physical features

of the country were completely reversed ; and I believe it is a weU-
established fact that the materials in the Boulder-clay are derived

from the north ; and, if such be actually the case, there is no escape

from the conclusion that the Lough-x^eagh beds, or beds similar to

them, once had a greater extension by at least 4:0 miles in a

northerly direction and have since been entirely swept away. The
view of their former greater extension is further supported by the

fact that at Dernagh, parish of Clonor, not far from the houndary

of the dejwsit, the beds were not penetrated through by a bore 173
feet deep §.

* Portlock's Eeport, p. 167.

t In the Proc. Belfast Naturalists' Field Club, 10th Annual Eeport, 1873,

p. 39, Mr. G-ray described "the occurrence of sificified vrood in the basalt at

Lawrencetown, where there is a bed of lignite in the basalt about 30 feet below
the surface, and in this lignite there are layers of wood charged with siliceous

matter, and resembling the wood erroneously supposed to be petrified by the

waters of Lough Xeagh. The latter is often foimd quite hard outside
; but

when broken, portions of the inside are quite soft and fibrous, like lignite, and
pass from soft wood into compact stone, the semisiUceous portions being
almost identical with the hard portions of the Lawerencetown lignite." This
fact seemed to the author to supply the connecting link between the silicified

woods and the basalts described by Portlock.

I The above facts, communicated to me by Mr. Gray, have not previously

been published in this definite form.

§ Hardman, Joum. Eoy. Geol. Soe. teland, vol iv. p. 176.
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To set against these positively recorded observations, there is

only the opinion that the wood may have been derived from beds

included among the basalts which might be found in situ ; but the

only wood hitherto so found at all resembling that of Lough Neagh is

in the state of oxide of iron, and belongs to Pinus, while the whole

of a large series of Lough-Neagh woods examined with me by Mr.

Carruthers is Cupressineous. The evidence, fairly weighed, seems

altogether in favour of the interbasaltic age of the Lough-Neagh beds

;

and my own opinion now is that they are of much the same age as the

Ballypalady and other fluviatile deposits to the north, and that they

will be found to continue under some of the lavas. A thorough inves-

tigation of the palseontological evidence can alone, however, removethe

question from one of inference to one of fact. [Mr. Hardman main-

tained the age of the Lough-Neagh beds to be very recent (Geol. Mag.

1879, p. 216), but his arguments appear purely negative. He
assumed that Barton's stonywood was pyritized, that Griffiths's section

at Sandy Bay transposes the clay and lignites, that the deposition of

the clays was posterior to the faulting and denudation of the basalts,

that the real lociis of the silicified wood is the basaltic lignites, &c.

He also pointsto differences between them and the bed at Ballypalady;

asks why, if they were there in basaltic times, the basalts did not flow

over them ; and illustrates his reading by two ideal sections in oppo-

site directions across the lake (Journ. Geol. Soc. Ireland, vol. iv.).

If these assumptions and sections were correct, his interpretation

would be the right one ; but otherwise the lithological difference is

not greater than between the interbasaltic formations of Ballypalady,

Glenarm, and Mull.] The Lough-I^eagh beds seem to have been

formed near the southern limits of the basalt-flows, which are

vesicular at Shane's Castle ; but they are in all probability to some
extent overflowed and concealed by trap towards the east.

The nodules containing the plant-remains are usually found on

the shores of Sandy Bay only when the level of the Lough is low

;

though, in company with Mr. Swanston, we obtained an iron-

stone nodule with leaves in the Boulder-clay from the bank, and

two others from the bed of the Glenavy river. The plants

these contain are most diversified, though usually small-leaved

dicotyledons which at first sight seem of very modern aspect. On
closer examination, however, many are found to be characteristic of

the English Middle Eocene, and others of the Lower Eocene. Others

are common to Ballypalady, to MuU, and to Greenland. This

mixture of types, so separated elsewhere, would be difficult of

explanation, did the thickness of the deposit not warrant the belief

that it may have been continuously forming throughout more than

one period of the Eocene. Most of the plant-remains come probably

from the higher horizons now exposed on the shores of the Lough

;

but some of those from the Boulder-clay may come from much
lower horizons in it. The flora, however, is by far the most
important link yet discovered between the Eocenes of England
and those of high northern latitudes, and as such is deserving of

most attentive study.
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The Ardtun Leaf-bed, Isle of Mull.

This is most accessible on the sides of a small ravine, and it

consists there of a much squeezed, indurated, almost black shale,

from two to three feet thick, capped with a film of hard grey mud.
Both above and below is hard rock, described by the Duke of Argyll

as tuff. It seems to extend some 50 yards east, and a less distance

west. Several other varieties of sedimentary rock come in and ac-

company it in its eastward extension, among them a strong mass of

current-bedded yellowish-white river-sand. A little above it in the

ravine is a mass of angular flints and mud, evidently the result of

some sudden volcanic flood. Other beds in the ravine may contain

vegetable matter, but I only recognized one that could be termed a

"leaf-bed." The top film, for about half an inch, is pale drab

indurated mud, and is interesting as marking a change in the condi-

tions, and possiblj' a volcanic eruption. Less than a foot down is a

useful parting of softer matter, which enables considerable blocks of

the matrix to be lifted without difficulty. The upper stratum may
be described as highly laminated shale, the cleavage-planes being

formed by the surfaces of a large-lobed or cordate leaf, while in the

lower and less laminated part a small oblong leaf is more sparingly

distributed. The whole may have been a fine black fetid silt, such

as often results from the overflow of a river when its banks are

level. I saw no such regularity as that shown by the Duke in his

" pictorial section" of Ardtun.

(For the Discussioir, see the end of the following paper.)

-A
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13. The Tertiary Basaltic Formation in Iceland. By J. Starkie

Gardner, Esq., E.L.S., F.G.S. (Read December 3, 1884.)

A GRANT from the Government Fund enabled me to visit Iceland in

1881, with a view of studying its interbasaltic flora. I explored a

C3nsiderable par^ of the island and visited every locali-y that I could

reach where lignite had been met with. I did not take notes of

some of the localities where my visits were hurried ; but the con-

clusion I invariably arrived at was, that the sedimentary deposits

in which vegetable remains are found, are situated among the glassy

rhyolitic flows above the columnar series of basalt. The rhyolites

are usually pale in colour, and with banded structure, but are some-

times black pitchstone or obsidian. They cap the loftiest mountains

of the district west of Akreyri, and extend at least to Baula, a

mountain in the same latitude as Snaefell, and possibly beyond this.

They also occur on the east coast, though I did not reach any of

them in that part of Iceland, which I only visited from the Danish

mail-boat, which calls in many of the fiords. I did not pay par-

ticular attention to their thickness, but at Sandafell I measured 30 feet

of white, pink, ivory-coloured, and black glassy lavas. The thickness

is, I believe, sometimes greater than this, and they are interrupted

and overlain by smaller flows of basalt. The horizon is, however,

certainly continuous, and marks a very definite stage or phase in the

great series of Tertiary eruptions which extended from Ireland to

Iceland in Eocene times.

I cannot yet present data to show how much younger this part of

the Icelandic series may be' than the columnar division of the forma-

tion in Ireland. Being near the southern limit of the flows, the series

may have ceased to be formed at a far earlier period in Ireland than

further north ; and this I believe to be the case, as there are no frag-

ments of glassy lavas in the Boulder-clays of Ireland. Denudation

may, however, have swept very much of the basalt away. There is no

base to the formation exposed in either Iceland or the Faroes, and we
are therefore ignorant of its total thickness ; but some of the moun-
tains reach an altitude of 6000 feet, and are still within its limits.

Iceland, like Ireland and Scotland, has also sufl'ered very great denuda-

tion. The mountains of the north and east coasts average some
2000 feet in height, and are entirely eroded out of horizontal sheets

of basalt. The valleys radiate towards the sea, and many form fiords

of considerable size. On the east coast especially, the only remains

of the highest layers of basalt are pinnacles or columns along the

mountain tops. The mountains are wall-like and continuous, with
few lateral openings of no great breadth, and flat-topped in most
regions. Their sides are precipitous, except where masked by
talus. Glaciation is very conspicuous, and every valley is occupied

by a rushing torrent fed by the melting snows of the interior, so

that travellers cannot proceed on foot for any distance, except to-

wards the interior. The rarity of dykes is one of the most noticeable

features of the basalts ; on one occasion I only observed one in a

^Q.J.G.S. j^o.162. I
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journey of 30 miles along one of these mountain walls. The oldest

basalts are not columnar, and are very compact. The whole series,

up to the rhyolitea at least, was spread out in vast and almost hori-

zontal sheets, and I saw no indications that any were submarine,

except some of the newer beds towards Reykjavik, which occasion-

ally contain sea-shells among the indurated tuffs. They are utterly

different in appearance from the recent lava-flows, which always

follow the directions of valleys or water-courses, and it seems im-

possible that they could ever have been erupted from craters, no

matter of what magnitude. The recent volcanic eruptions are as

utterly independent of the Tertiary system of erupted rocks as an

outburst in Ireland, at the present moment, would be independent

of the basalts there. They are all Postglacial and fresh-looking,

while the Tertiary rocks have been, without exception, eroded on a

stupendous scale and subjected to ice-action.

As would be expected, from the fact of their being on such a

different horizon, the fossil plants of the Icelandic Tertiaries differ

very essentially from those of Ireland and Scotland. The Irish

plant-beds are all below the horizon of the columnar basalts, and
from their similarity to the flora of the Heersian stage of Gelinden,

in Belgium, they cannot be assigned to a later date than the older

Eocene. The Mull flora, on the contrary, is situated above some of

the columnar basalts, and has already lost the Heersian character-

istics, but is still probably of Lower Eocene age. The Icelandic plant-

beds are very much newer, and might, from their general character,

be assigned to even so late a stage as the Miocene. Some 40 species

are recorded, but there are only a few that seem to rest on a sure

basis, among them being Abies, Alnus, and Acer. I was not fortu-

nate enough to bring back any extensive collections, but I have had
an opportunity of examining, at Copenhagen, those that exist.

Notwithstanding this comparative failure, I do not feel discou-

raged, but firmly believe that very great results in this direction

might attend another visit, especially to the north-west peninsula,

to which I have not yet been. Had I been provided with a tent

and stores, I might have made longer stays on the spots where plants

are likely to occur. Sir Joseph Banks, in his * Letters on Iceland,'

1780, p. 11, speaks of petrified leaves at Eeikum, some of which, in

black shale, were brought home. Two localities on the north-west

peninsula are mentioned in the ' Flora foss. Arctica,' vol. i. In
Olafsen's * exhaustive account there is a precise description of the

Surturbrands of Bardestrand, associated with which is a bed of greyish

slate divided into laminse from 3 lines to ^ an inch thick, and con-

taining leaves, among which oak, birch, and willow were easily distin-

guished. Besides these there were leaves as large as the palm of

the hand, which had preserved their minutest venation. The leaves,

he says, could with care be removed entire, though as thin as paper.

Nine other localities for lignite in this region are mentioned, several

of which must be worth investigating.

[I called attention in ' Nature,' August 2, 1883, to two instances

^ Vol. ii. p. 393.
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where great masses of relatively receat lava debouching from moun-
tain valleys on to plains had produced a very sejisible subsidence,

leading to the formation of extensive lakes. In the case of Thing-
valla the plain has sunk at least iOJ feet, leaving perpendicular

cliffs of lava on the slopes at its northern eud, from which the

central mass has been torn. These may possibly throw some light

on the formation of Lough Neagh.J

HusAViK Marine and Freshwater Beds.

By far the most important of the sedimentary deposits connected

with the basalts occurs on the coast 7 miles N.E. of Husavik, in

N. lat. (jQ"^ 10'. They rest upon basalt or a basaltic breccia. In
approaching them ffom Husavik, the first exposure occurs in a

grassy cirque, named Hringvershujlft, or the " little round valley."

The escarpment is about 260 feet high, but slopes at an angle of 45°,

and its base is somewhere about 100 feet above the sea-level. The
fossiliferous beds rest upoa a mass of greenish grey clayey material,

succeeded by 20 feet of pale, more or less laminated sandstone with
plant-remains. These proved unfortunately to be all of a rush-like

nature, much macerated and utterly valueless. Three feet of lignite

followed, and then 10 feet more sandstone with similar plants,

and then four beds of lignite in succession, each 1 foot thick and

Pig. 1.

—

Cliff-section on coast 9 miles N.E, of HusaviTc^

a. Glacial deposits. h. Greenish-grey tuff.

c. Sandy clay with broken shells. d. Sandy clay, unfossiliferous.

e. Sandy clay with fossils.

/. Sandy clay without fossils, with a band of laminated sandstone with
green grains.

g. Four bands with Cyprina, the bottom layer with Actceon Noce, and
Cardium echinatum.

h. Bands of broken shells, with Cypri/ia, Actceon, and Cardium.
i. Continuous band of comminuted shells of variable thickness, average

2 feet.
^

i2
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separated from each other, the first from the second by 4 feet and
the others by intervals of 3 feet each, of a more compact marl of an
almost stony character. The whole is capped by 30 feet of sandstone

withont plants. About a mile further east the lignites thin and are

only four in number and of less uniform thickness. The base is still

formed of greenish, indurated, sometimes ferruginous, sandy clay,

about 200 feet thick, passing towards the west into a basaltic breccia

at its lower part. The lowest bed of lignite is 18 inches thick, and
the other three 1 foot each, separated respectively by 16, 12, and
6 feet, and the uppermost surmounted by 14 feet of matrix, termi-

nating with a conglomerate of rounded pebbles. Half a mile beyond
this, to the east, the whole of the lignites dip below the sea-leveL

A mile further along the coast, at the angle of a chine, is the section

shown in fig. 1.

The fossiliferous beds rise inland, and cannot be traced more than

a few hundred yards up the chine. They are much faulted,—one

fault up the chine had a downthrow of 60 feet,—most of the faults

being in a JST.J^.E. direction or nearly parallel with the shore, pro-

ducing sometimes an apparent overlying of the shell-beds by the

lignites (fig. 2).

Fig. 2.

—

Fault causing Shell-beds to he apparently overlain hy

Lignites, near Husavik, Iceland.

w. w.

a. Lignites. h. Lignites concealed by debris. c. Shell-bed?,

Much of the matrix, especially towards the base, is exceedingly

like our London clay. The shells occur in bands, and particular

species are confined to particular horizons. Across the chine the

beds almost immediately dip out of sight (fig 3), and are succeeded

by higher and unfossiliferous beds, more compact and indurated, and

paler in colour. These are also much faulted.

I ceased to take notes beyond the Cape, but I subsequently rode

along the coast to the extreme point of Tjornes, where I understood

lignites had been met with ; but for ten miles the unfossiliferous

bed seemed to continue without any change.

I endeavoured to determine some of the species by comparison

at the Jermyn Street Museum, and submitted the list of names
which resulted, and the specimens, to Mr. Searles V. Wood and to

Dr. J. Gwyn Jeff'reys, who very kindly furnished me with the details

embodied in the accompanying table.

Dr. Morch, in the work referred to above, gives a list of 58
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List o/Fossn, Shells collected b,, Mr. J. Stakto Gaednek
tre Iceland. By J. Gwnf Jeffrets, LL.D., F.R.S.
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^ Wood, Esq., F.G.S.
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Astarte creiiata, Gmi/

compressa, Montagu

Moctrasoiicia.i.'::::::;:::::::;. •:::;:;

Mesotlesllm ,l,.:un-:du,n, Tirrim !.!

Glycimcris ;.ilii|ii;,, .'<,>,,„,/,,

Myaavei,in-i:,. /

Saxicuva ,H,r>..^ic:,, .s^,.

Gasti,„i.o„a.

Litlorina littorea, i,

And var. obiiqua ::::.:;:::

? G. angusta, Ni^st^Me'Smriiilrood.Z]]^

Naticaheros, Sai/

affims, Gmclin
aperta, Xoi'dM

[]

Bucoinum grooiilandicum, Ch

Vur. occlusa.

'

Bulbus flavus, Gould.

Murox oinereus, />a;/.

Piisus despechis. L.

F. Stimpsoui, .Ifc/r/j; P. Olavii, Bec/l

? S. propinqua, .V%. : Sraiics IViwdNassa trivitlala, .%
raoneiisis, Forbes

Pleurotoina tiu-riciila. Moidmju
pyramidalis, »™«
bicarinat.a, Omik

Actaion iiOiP, .7. Sower/jy

var. Fusus'iiariniiariu5.'o:«>/im^'':'":";;";;;:;:

F. plenrotomarins, CoM. . .

?'Toraiitelb'pusiiia^'}'VM*r'"^!!!!;"!!!!';;"!";!!"

20
:
23 10 18 27

^^otes on Di: J. Gii Jeff,: List.

The term " Arctic" in the fourth column of this list includes not
only those parts of the Atlantic and Pacific Oceans which belong to

America and Asia, but; also those parts of the European seas wliich

lie within the Arctic circle.

The list shows that of the 27 .species collected by Mr. Gardner,
20 are found in the English Crags, 23 lire in the North-American
seas, 10 only in the European seas as above restricted, and 18 in

the Arctic .seas of both hemispheres. It also shows that nearly

the same number of species occur in the Cra-j and Norfch-.imorican

seas; 16 species are common to both those categories; o appear
to be American, and 3 Arctic, none of which are Crag. The con-

uexion between the Crag and North-American MoUusca is tlierefore

more intimate than between the Crag and European ifolhisca, not

taking the Arctic MoUusca into account. Two species, and those

questionably, are supposed to be extinct. I should regard this

Iceland dejMsit rather as Post-tertiary or Quaternary than as

PHocone.

All the non-existiug species are inhabitants of comparatively

shallow water ; some are littoral.

The peculiarly North-American species (Mesoch'ima ihanratum,

Mitica Jwos, Miirex einereus, Fiisiis cuHus, and Nrissa tniiittiita)

have not been recorded as living on the Icelandic coasts. Iceland
is geographically separated from North .imerica by Greenland,
where the marine MoUusca are more European than American *.

But the course of the Great Arctic current is from Iceland to

Newfoundland and the western coasts of North America ; and this

may account for the former occurrence of North-American species

in Iceland, as evidence of their origin or source of distribution at

that epoch when the shells were ovei-whelmed by a volcanic How of

lava. All the MoUusca which now live in the Icelandic sea are

either Arctic or North European, and have apparently been derived

from Spitzbergen or Finmark by means of the same current which
is continued from Iceland to Newfoundland.

J. Gwru Jefprkts.
4th Dec, 1884.

the ' Valorous ' Expedition the ' Proceediii;

Mr. S. r. Woods Table.

The large carinated shell referred to (p. 96) is probably T,-op}w,i aii-

t'lqims, var. carimtus. Mr. S. V. Wood remarks that only the sinistral

form of T. antiqmis occurs in the oldest part of the Red Crag, and
this not carinated. Both the sinistral and dextral forms of var.
mnnatus occur in the middle part of the Red Crag. It is the cari-
nated form which is .\rctie, not British.

To these we may add the foUowing species, overlooked by Dr.
(iwyn Jeffreys, identified by Mr. Searles V. Wood, and also occurring
in the paper by Dr. Morch on the Iceland Crag at p. 321 of vol.

viii. of the Geol. Mag. (1871):—
Bumimm Dalei, only a fragment or two of which are known

from the Coralline Crag, though it is very abundant in the older and
middle part of the Red Crag.

I'kurotomu hlspidula, a rather doubtful Coralline-Crag species,
now living in the Mediterranean.

Mnc/m circiuilu, known throughout the Crags and extinct.
THIIiiH ohliqiw, rare in coraUinc and older parts of the Red Crag,

but abundant in the rest of the Red Crag and in the oldest Glacial
beds. Treated as a variety by Dr. Gwyn Jeffreys.

T. pnrtenuis. Very abundant in both middle and newest part of
Red Crag, but rare in the oldest Glacial beds. In the newest part
of the Red Crag both these Telleus are associated with the Uving
Arctic species, T. adcaria, which occurs in aU Glacial beds. Both
T. obliqua and T. prcetenuis are unkuown from any but the oldest
Glacial beds, and of the east of England only. They are now
extinct.

There are also a few species remaining undetermined. Mr. 8. V.
Wood, from the evidence before him, regarded the bed as not later
than the Middle Red Crag, and he remarked on the close affinity
between their MoUusca.
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species, at least 16 of which arc of verj' doubtful value. I

was unable to extract a large fusiform shell, which was much
cracked, and in an almost inaccessible position ; but I made a drawing
with measurements, before attempting to remove it, and saved the

greater part of it. This can be reproduced when necessary.

CO

Chine,

2

Dr. Gw}'n Jeffreys has some valuable remarks to make upon these

fossils ; but as I believe that further specimens have been submitted

to his inspection from abi;oad, I trust he will be induced to com-
municate a paper on the subject, which I forbear in any way to

forestall. I think, however, I should, for various reasons, be in*^

clined to assign a greater age to the deposit, from its general
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appearance on tlie spot, than Dr. Gwyn Jeffreys may do, or even
than Mr. Searles Wood. The occurrence of the fauna of the Red
Crag, with Mediterranean species, so manj'- degrees north, would
dispose me to consider them as belonging to a somewhat warmer
climate and therefore presumably to a rather earlier period than I

should do if meeting with the same assemblage further south.

This part of the country is a table-land, with mountains some
distance inland, from which lava streams hare issued in relatively

recent times. N^earer Husavik the cliffs are of basalt and volcanic

breccias, and to the east the plateau is composed of horizontal

basalts with a thick alluvial capping of loam, ready to produce a

bed of laterite if ever again overflowed by lava streams.

It is impossible, from the coast-section, to form any just idea of

the relationship of this sedimentary formation to the Tertiary basalts ;

and the determination of its precise age cannot, unfortunately, at

present throw an}^ light upon their history, thongh presenting a
problem of great independent interest.

Coal is said to occur near the base of the mountains on the opposite

side of the bay, facing Husavik ; and as these do not present a
basaltic contour, they might be worth investigation.

Tjaenie ("short lakes").

About 25 miles due south of Akreyri is a valley the sides of which,

about 2000 feet high, are composed of basalt, scarcely intersected

by any dykes. The coal reported to be found here proved to be
obsidian. The rhyolitic lavas overlying the basalts form a very
important series at this point.

Sakdaeell (not the Sandfell marked on maps).

This mountain is situated about 25 miles S. of the Skagafjord,

and 6 miles above Abaer, the nearest farmhouse, on the river

Eanda. The basalt is covered by a clay bed with rootlets a foot

thick, succeeded by brown coal passing into lignite, another foot,

and then 150 feet of volcanic breccia, with large blocks of basalt

imbedded towards the base. There are then 30 feet of pale tuffs,

and a band of pitchstone decomposed into vertical needles overlain

by pink and ivory-coloured banded rhyolites, and finally basalt.

This section is at the angle of the two valleys formed by the rivers

Tinnaa and Banda ; and, looking up the former, the pitchstone band
is conspicuous between the lighter masses for at least a mile, being

on the right hand at an elevation of about 600 feet, and at least 800
or 900 on the left. Up the Banda the lignite thickens to 3 feet.

Well-preserved leaves have been obtained from the yellow tuff,

and are now in the University Museum at Copenhagen. Though
I searched diligently, I was not fortunate enough to discover any
bed with fossils worth bringing away. At the corner of the Tinnaa

are magnificent groups of columnar basalts, bent in many directions,

and twice fanning out like the clam-shell cave at Staffa. Some
fallen segments measured 3 and 4 feet in diameter. The pale-
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coloured rhyolites reappear in all the mountains at a high level as

far as Akreyri.

Hop.

A few miles south of Godalir, at the angle formed by the first

tributary to that river on its left bank, the section has been cut

through by the stream, and forms a perpendicular bank 12 feet high,

in Avhich are over twenty layers of lignite separated by gritty marls

and ferruginous bands, crowded with vegetable matter, Avith a soft

sandstone at base, similar in appearance to that of Husavik. At
12 feet a bed of lignite composed of compressed tree-trunks occurs,

and then another, 3 feet thick. The bank then slopes at an angle

of 30° for a distance of 60 feet, still abounding in lignitic matter,

when it is concealed by the greatly overhanging remnant of an old

moraine. On the opposite, or south bank, the same beds are capped

by columnar basalt. The plants again proved to be nothing but

rush-like monocotyledonous debris, with seeds, and probably remains

of Chara. The dip shown in both exposures (S.E, and N.) is 9°, and
the formation is probably extensive. The diameter of the largest

compressed trunk I extracted was 20 inches ; but this did not seem
to be the full width. There were many large trunks in the bed
of the stream, the branching of which suggested willows of large

dimensions.

In this neighbourhood, about 7 miles from Hofsgil, a magnificent

section of over 1000 feet in depth can be studied (fig. 4). It forms

the side of one of the wildest conceivable gorges or canons. The
precipitous and even perpendicular sides are composed of more or

less columnar basalts, separated by partings of almost vermilion-red

earth, which has stained them a reddish purple. Where the sides

are not perpendicular, fragments of the old moraines, cold slaty

grey in colour, cling to them, weathered into fantastic shapes and
looking like ruined masonry. The torrent is just visible as pure

white foam at the bottom. The section here reproduced is of general

interest as showing the composition of the ordinary North Icelandic

mountain from top to bottom. Its upper part, as viewed from

across the gorge, forms a slope of from 50° to 60°, and overhangs a

tremendous precipice, so that it would not be accessible without

great danger. It is evidently similar to Sandafell, not many miles

distant ; and that the black band is really lignite is apparent from
my subsequently picking up pieces in the bed of the river.

This gorge was evidently at one time filled in solid with Boulder-

clay or moraine, and enormous masses of rolled stones are spread

over the valley below. The stones have been arranged into sharj^ly

defined terraces. A river entering from a valley to the east had
accumulated an enormous mass of shingle, before the main river cut

its way through and cut down at least half the area to a level of

30 or 40 feet lower ; after which the rivers united and further

reduced it as much again, affording an instructive example of terrace-

formation.

A better clue to the formation of parallel roads is furnished by a
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small valley, marked Sandklettavatn, about lat. 64° 21', between
Keykbolt and Thingvalla. It is marked as a lake without any. outlet

;

but in August there was only a little water at one end, the stream

Fig. 4.— Cliff and Bavine about 7 miles from Hofsgil,

height about 1000 ftet.

-'5^^^

a. Boulder-clay. a'. Boulder-clay weathered into architectural forms.

b. Basalt. h'. Basalt with partiugs of bright red and brown earth.

c. Ehyolite. d. Sedimentary rocks, about 130 feet, chiefly yellow and
drab sandstones, with two intercalated bands of lignite, marked **.

connecting it with Ukavatn being also dry. The plain is level,

destitute of vegetation, about three miles long and one broad, closed

in on three sides by mountains and on the fourth by a lava-stream.

Its shores are regularly terraced all round, the terraces being only

2 or 3 feet high. It is evidently a shallow lake for a great part of

the year, and the terraces have some connexion with the recurring

formation and disappearance of a dam of snow or ice at its eastern

extremity.
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Hredevatn.

This is a small lake in western Iceland, lat. 64° 41'. A bed of

coal occurs in a romantic ravine about 800 feet above the lake, and
towards its northern end. The coal is but 18 inches thick, and is

immediately under a bed of basalt, with yellow tuffs underneath it.

It reappears in a gully 100 yards to the N. W., with a dip of about
15° to the S. W. The sectioji is entirely overgrown and covered by
earth, and would require much time to uncover ; but I exposed a

bed of brown papyraceous shale, and underneath it a short brittle

sandy clay, with rootlets and vegetable remains. Above the shale

there was yellow tuff; but several hours' search brought forth

nothing in the shape of well-preserved leaves, though they are

stated to have been found in the tuff at this spot. Another lignite

or coal bed is said to occur four hours' ride to the west.

The coal is used for fuel, but is as costly to obtain, owing to its

inaccessible position, as sea-borne Scotch coal.

Stafholt.

This locality is a small promontory six or seven miles south of

Hredevatn, on the banks of the river, and nearly at the sea-level.

The point forms a low cliff, and does not extend beyond 50 yards.

The matrix is a coarse yellow brecciated tuff, in which trees of

considerable length and girth are imbedded separately, and princi-

pally on one horizon, only a few feet above the water. Smaller

pieces of wood lie above. These trunks are partly in the condition

of lignite, and partly imperfectly silicitied, with their structure

beautifully preserved. The deposit is much cut up by dykes.

Discussion.

Dr. GwTN Jeffreys said his attention was called to the Icelandic

beds with fossil shells by Prof. Steenstrup at Copenhagen in 1869,

and further material had been collected by the late Dr. Morch, to

whose memory as a conchologist the speaker offered his tribute of

admiration. It was remarkable that among the shells there were
very few Arctic species. It reminded him of the Moel-Tryfaen
assemblage of shells, among which temperate forms occurred in

great abundance.

Prof. JuDD stated that the series of rhyolites brought from the

north of Iceland by the author consisted of stony rhyolites,

exhibiting banded spherulitic and perlitic structure, passing into

pitchstone and obsidian. Some of the rocks are vesicular and even

pumiceous, and they are associated with obsidian- and pumice-tuffs.

Mr. Etheridge bore testimony to the great perseverance shown
by the author in working out the Icelandic and Irish beds. He
thought the collection of shells from Husavik was of the most
interesting character.

The Author said that many of the shells occur in beds of about a
foot thick. The shelly beds are covered by great thicknesses of

stratified but unfossiliferous ashes.
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14. The Drift-deposits of CoLwrN Bat. By T. Mellard Reade,

Esq., C.E., P.G.S. (Eead January 14, 1885.)

In a former paper* I gave a short sketch, of the drift disclosed in

the baliast-pit at Colwyn-Bay station ;' and as in Pebruary of 1884.

I had an opportunity of extending my observations over a larger

area, I now propose to give an account of them.

From Colwyn Head to Ehos Point is a distance of about three

miles; and all along the shore, except where obscured by the Colwyn-
Bay parade or grassed over by the railway company, are to be seen

in cliffs excellent sections of the drift.

This drift, extending backward to the foot of the hills which
sweep in a curve from headland to headland, rests nearly wholly on

the Silurian rocks, representatives of the Wenlock Shale.

Colwyn Head or Penmaen Cliffs, and Bhos Point, are denuded
remnants of the Carboniferous Limestone, and near to each of these

headlands the drift is seen to rest directly on the limestone, there

being no exposure of the underlying Silurians anywhere to be seen

in Colwyn Bay.

Pig. 1.

—

Section just beyond the Cottage west of the Colwyn-Bay Hotel.

1. Grey Till, packed fiill of stones, partly Silurian Slate and Grits, and Carbo-

niferous Limestone.

2. Cream-coloured Till. 3. Sand. 4. Brown Boulder-clay. 5. Soil.

The surface of the drift is remarkably level, excepting where it

gradually creeps up the hills. Most of the houses in Colwyn Bay
are built upon it. It is crescent-shaped on plan, thinning out to-

* Drift of N.W. of England and N. Wales, part ii. Quart. Journ. Geol. So8.

vol. xxxix. p. 111.
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Trarcls the outward curve, which^rests on the hills, and thickening

towards the Bay.

Fig. 2.

—

Section West ofJig. 1.

1. Bluish-grey Till ; and, 2. Cream-coloured Till, as in fig. 1.

3. Sand. 4. Brown Bonlder-clay.

5. Finely laminated Boulder-clay. 6. Brown Boulder-clay. 7. Soil,

The drift may be roughly grouped into three divisions in ascend-

ing order, as follows :

—

1. Bluish-grey Till (bedl, figs. 1 & 2), hard and tough, evidently

composed of the combined grindings or decomposed particles of the

Silurian and limestone rocks, and fnll of striated slaty rocks, lime-

stone, Carboniferous grits, conglomerates, and trappean and ash

rocks common to North Wales.

This Till is not visible between the Colwyn-Bay station and the

road under the railway from Old Colwyn, but between the latter

place and Colwyn Head may be seen a mixed grey and brown Till.

It may be seen on the foreshore opposite the Colwyn-Bay Hotel,

and from thence appears at various points, rising up in bosses in

the cliff sections until we reach Ehos village. It may also be seen

on the foreshore opposite the cottage west of the hotel (fig. 1).

Prom Ehos point westward, to the embankment across the marsh,

it may be traced. At one point here, I observed a very large lime-

stone block imbedded in it. The Till continues from the west end
of the embankment to the Little Orme's Head.
The surface of the Till, which everywhere, excepting on the fore-

shore, is overlain by the Brown Boulder- clay, presently to be de-

scribed, possesses an uneven denuded surface, and is in places

covered with a cream-coloured deposit packed with stones, appa-

rently the wash of the Till below, one or two feet thick, as the case

may be (2, figs. 1 & 2).

I looked for granite boulders in this Till ; but though they were
not unfrequent on the foreshore, I could not find any actually

imbedded, but I had no opportunity of making an exhaustive
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examination. It may, at all events, be averred that they are not

common in it *.

At the cottage before mentioned, between Colwyn-Bay hotel and
Ehos, I noticed a large granite boulder on the shore, full of large

crystals of felspar, which looked uncommonly like grey Shap
granite. The crystals of felspar did not, however, form protuberant

knobs, as is often the case with boulders of Shap granite. It is

probable that it may be either Shap or Cairnsmore of Fleet granite t-

On the foreshore opposite the Colwyn-Bay hotel, the character of

the stones contained in the Till may be readily studied. They are

mostly slaty rocks, flattish in form, and often rounded at the edges.

The Till being of a very tenacious nature, the stones remain firmly

fi^ed in it, though their upper surfaces and sides are exposed by the

denudation of the waves. The striations are distinctly to be seen

on most of the stones, though doubtless partly effaced by the attri-

tion of other boulders and shingle moved by the sea.

It is really remarkable how they retain their ice-markings under

the circumstances. I looked for signs of striated pavements, but

could not find any : the boulders are fixed in the clay at different

angles, and the stones do not show striations in a parallel and uni-

form direction.

2. Low-level Boulder-day and Sands (beds 3 & 4, fig. 1 ; & 3, 4,

5, & 6, fig. 2).—The Chester and Holyhead Eailway runs along

the top of the drift near to the edge of the clifi', so that in places

the railway company have made what formerly was cliff into

railway-bank, by sloping and grassing it over. For this reason

it is {iiflS.cult to see what the bank is composed of near Colwyn-
Bay station, but it appears to me to be a continuation of the

gravel, shingle, sand, and clay beds seen in the baUast-pit.

If this be so, it gradually changes into the Low-level Boulder-

clay and sands which overlie the Blue Till over the whole of the

area described in this paper.

This Low-level Boulder-clay and sands is evidently a marine
deposit, and contains shell fragments. There are very few boulders

in it ; but in places a great many beds of shingle and gravel, which
are, however, best displayed in the inland excavations, and at the

sides of the brooks which run from the hills through the drift and
across the railway to the bay.

The clay is brown and decidedly sandy, and the sand-beds, often

displaying current bedding, are well developed, and form an im-

portant feature in the drift. I believe most of the erratics on the

shore come from this bed. Among the loose shingle on the shore

are to be observed many Eskdale and grey Scotch granites, which no

doubt have originally been derived from this group of beds.

Inland Sectioiis.—Inland on the north side of the road, behind

the Hydropathic Establishment, is a large brick-pit in this clay, and

* Mr. Mackintosh says he " dug out of the blue clay two pebbles of Eskdale
granite." ''Age of Floating Ice in Korth Wales," see Geol. Mag. 1872, p. 15.

t See " Notes on Eock-fragments from the South of Scotland," Quart. Jotirn.

Geol. Soc. vol. 3d. pp. 270-272.
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there are also others near the Board Schools on the road to Llan-

drillo-yn-rhos. jSTearer Col\vyn-Bay Wesleyan Chapel, on the same
road, is a sand-pit. I believe the beds of clay and sand are discon-

tinuous, and occupy the surface without any particular order.

3. Rearranged Gravels.—A good deal of the drift surface, especially

about Colwyn-Bay village a ad in the neighbourhood of the several

brooks before mentioned, shows evidence of having been subaerially

redistributed. It is difficult to draw a fine line between these

gravels and those undoubtedly belonging to the drift, especially as

the surface-deposits had doubtless been previously rearranged or

deposited during the emergence of the land from the great submer-
sion. At the new station at Old Colwyn, which was being built

during my examinations, the excavations showed a shaly gravel

occupying the surface.

Alluvium.—A deposit of marsh clay is to be seen on either side

of the embankment between Ehos and the Little Orme's Head. It

is only a few feet thick, and rests upon a few inches of peat,

which again rests on the " brown Boulder-clay." The surface of

the Low-level Boulder-clay is at its minimum elevation at these

points. I was unable to measure the heights of the cliffs, but I

should judge that the railway was at an average level of about 40 feet

above the shore of Colwyn Bay. Towards E-hos the surface-level of

the drift declines to near the shore-level. Beyond the embankment
towards the Little Orme's Head it rises again to a considerable

height.

Denudation.—The sea has evidently cut into and washed away a

great deal of the drift, hence the formation of the cliffs. The
" Dingle " at Co1w}ti Bay, and the valley or gully in which runs

the brook from Old Colwyn, are very deep narrow cuts in the drift.

I attribute their depth and comparative narrowness to the geolo-

gical recency of the denudation of the coast, which has brought the
" base level of erosion '" nearer to the hills, and so, by quickening the

grade of the streams, has enabled them to do more work vertically

than horizontally.

COXCLTJSION.

It now remains to consider what light the foregoing facts throw
upon the difficult question of Glacial geology.

In the first place I may observe that in few sections is to be

seen so clear a line of demarcation between two beds of drift as

exists here between the grey TiU and the brown Boulder-clay.

This arises from the fact that the clearly marine " Low-level
Boulder-clay," and the typical "Till" are in juxtaposition over a

comparatively large area. " Till " is evidently a deposit the

materials of which generally have not travelled so far as those of

the Low-level Boulder- clay. It is here, as elsewhere, largely, if

not altogether, made up from the local rocks, the slates, shales,

and limestones, and it is no doubt the great quantity of carbonate
of lime in it that makes it set so hard. At Penmaenmawr, to the

west of Colwyn Bay, and out of the limestone district, I had an
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opportunity of examining in the foundations of the British Schools,

of which I happened to be the architect, the Till lying on the hill-

side. Here and all about Penmaenmawr, after getting below the

surface-affected portion, it was a hard grey Till full of large

boulders and stones which were generally more or less rounded and
waterworn. I noticed one slightly striated. These stones were so

large and iirmly imbedded that they were used in some cases for

the foundations, being built into the walls without removal. The
Till at Colwyn Bay is bluer, more clayey, and of a finer texture,

and contains not nearly so many large boulders, though the total

bulk of the stones in it may not be very dissimilar. According to

my experience, true Till is rarely, if ever, found except in the

neighbourhood of mountains or quickly sloping ground. In the

present instance, I am inclined to believe that it has been formed

by ice and snow descending from the mountains and accumulating

the disintegrated matter at the foot. It does not appear to be the

ground-moraine of a hill-and-valley-ignoring ice-sheet, as the con-

tained stones lack the definiteness of direction one would expect to

result from such an agency. It is better to admit that we are

largely ignorant of the various modes in which land-ice acts—its

effects, with our limited knowledge, belonging more to speculation

and theory than to fact.

Be this as it may, when we come to the overlying deposit of

brown Boulder-clay, no such difficulties occur. It is undoubtedly

an aqueous-marine deposit, and part of the extensive sheet of Low-
level Boulder-clay and sands which occupies aU the plains of the

North of England, from the margin of the mountains to the coasts

of the Irish Sea, and, skirting the coast of Wales, here and there

intrudes upon the lower valleys. With the exception of the portion

of this deposit which approaches the limestone headlands, where it

is mixed with the detritus therefrom, the extensive sheet of drift,

which I have described as lying in Colwyn Bay, is composed to a

large extent of travelled materials. The sands and clays of which
it is composed are not what the immediate coast or mountains could

yield. It is, in fact, a deposit almost identical with the sandier of

the Boulder-clays near Liverpool, which are composed principally of

Triassic debris, mixed with travelled and striated rocks. I have pre-

viously stated " The sands and clays of Colwyn are evidently derived

from the Triassic rocks of the Vale of Clwyd " *. This further and
more careful examination over a large area has confirmed me in this

opinion. Pour and a half miles east of Old Colwyn, the Triassic

sandstones set in and extend eastwards a distance of nine miles

across the mouth of the Yale of Clwyd. Most probably these

rocks also extend seawards. The materials of which the bulk of

the Colwyn drift is composed, has in the first place probably been

worn off the Triassic sandstone by subaerial agencies, including

under that head ice and frost, and has worked gradually down the

valley, it may be, to the plains now occupied by the Irish Sea. On

* Quart. Journ. Geol. Soc. vol. xxxix. p. 118.
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the gradual submergence of the land, this material lying in the Vale

of Clwyd, reinforced by other material continually being worn off

the rocks, and working seawards, has washed round the coast

towards the Little Orme's Head, and become mixed with other

material washed up from the sea-bed and with argillaceous matter

from the underlying Till. I^o'ice-sheet will account for this drift.

It is evidently a marine drift. The Eskdale-granite boulders which
it contains must have travelled to where they lie by floating ice

;

for many of the boulders h .ve come from the north, while the sands

have been derived from the east. At all events, if this be not a

true explanation, all the complicated machinery of at least two ice-

sheets will have to be invoked. This appears to me to be un-

necessary, especially as it would not explain the structure of the

drift, which bears internal evidence of aqueous deposition.

Discussioir.

Mr. W. W. SiiTTH remarked on the interest of this paper, as

these beds of Colwyn Bay are evidently connected with the drift-

deposits of the Yale of Clwyd, proved to be of great thickness in

coal-borings at Rhj'l. On the other hand, the classic deposits of

Moel Tryfaen might also be connected with the same deposits.

Dr. HiNDE pointed out that Till, undistinguishable from that

in Wales, covers extensive areas in Ils^orth America, far away from
any mountains, and that consequently these are not essential to its

formation.

Mr. Whitakee bore witness to the great care with which
Mr. Reade worked out his results bj^ tracing the region from which
the different stones came. He himself hardly understood the dif-

ference between Till and Boulder-clay.

Dr. Hicks said that in the Yale of Clwj'd we have three stages

:

—local deposits of gravel, marine sands, and widespread Boulder-

clay. He thought that the Boulder-clay was formed by a mixture
of local materials and ice-borne blocks.

Mr. ToPLEY pointed out that the main interest attaching to the

paper arose from the care with which the section had been recorded

and the origin of the different materials traced. The succession of

beds described was that geo orally to be seen in the N"orth of Eng-
land, where the drift-deposits are well developed. In Northumber-
land and Durham the middle sands usually occur in greatest force

near the old preglacial vallej's.

Pro£ Jttdd, in the absence of the author, further explained his

views as to the distinction, character, and relations of the Till and
Boulder-clay of the district.
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15. Notes on Species of PhtllopoPvA and TiiAirxiscTJS from the

Lower Silueiax Eocks near Welshpool, Wales. By George

Robert Vine, Esq. Communicated by Prof. P. Martin Duncan,

P.R.S., P.G.S. (Read December 17, 1884.)

Mr. G. W. Shrubsole, in a paper " On the Occurrence of a new-

Species oi Phyllopora in the Permian Limestone"*, remarks that
*" the genus Phyllopora has as yet been but imperfectly worked ; its

rarity in the more recent and its imperfect preservation in the older

rocks go far to account for this In the Lower Silurian rocks

Phyllopora is most abundant. There are at least two distinct species,

if not more. The preservation of the remains in these beds is most
unfavourable for exact work, occurring, as they often do, in coarse

ash or shale, and distorted by cleavage."

In the collection of the School of Mines there were t several

specimens of Phyllopora catalogued and labelled as such, which I

was allowed to examine when collecting material for my Second
British Association Report on Possil Polyzoa. The specimens from
the Lower Llandeilo rocks are the common forms, generally

designated Eetepora by early authors. One specimen is in the

Wyatt-Edgell collection, and we have only the reverse aspect of the

form ; but in places where the branches are worn the cells can be

seen, not sufficiently, however, to enable us to make out their cha-

racter. The fenestrge are oval or irregular, branches anastomosing,

consequently without dissepiments.

In the Caradoc series of fossils of the same collection, several

specimens are labelled, and also catalogued, as Phyllopora Hisingeri^

M'Coy, and one, belonging to the Wyatt-Edgell collection, is cata-

logued as P. ornata, MS. Generally speaking, all these forms are very

indistinct or ill-preserved. In a box with one specimen (y^^ Case V)
labelled Phyllopora"^. Hisingeri, M'Coy, a small portion of the

zoarium of Rdepora cellulosa, Linne, is placed for the purpose of

comparison. The Lower Silurian fossil is from Robeston Wathen,
Pembrokeshire. I have several specimens of P. Hisingeri, M'Coy,
in my cabinet ; for it is the most common of all the forms found in

the Caradoc or Bala beds ; but it is only by careful manipulation, and
adjustment of light, that the cell-structures of these species can be

made out ; and even then not much dependence can be placed on the

diagnosis. In the Lower Llandovery beds one specimen is marked
and catalogued (op. cit. p. 64) as Phyllopora, sp. Besides these I

have no other knowledge of species of the genus found in the

Lower Silurian rocks in Britain sufficiently characteristic to be

individualized.

In the beginning of August, 1884, Mr. J. B. Morgan, of Welshpool,

* Quart. Journ. Geol. Soc. vol. xxxviii. pp. 347, 348.

t In 1881. See Catalogue of Mus. Pract. Geol., Cambrian and Silurian

fossils, 1878.
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sent some fossils to Professor Lapworth for identification. Amon^^st

them were some Polyzoa. These Professor Lapworth asked Mr.
Morgan to send to me, and their study has enabled me to throw a

little light on essentially characteristic features of at least one Lower
Silurian species of PhyUopora. This is clearly not the P. Hlsinrjeri

of authors, and I shall be compelled, much against my wish, to

characterize it as new.

Fig. 1.

—

Portions 0/ PhyUopora tumida, sp. n.

(Enlarged 6 diameters.)

A. Poriferous surface.

B. Interior of non-celluliferous face.

1. Phyllopora tumida, sp. n. Fig. 1.

Zoarium an open net-work of undulating branches ; base and

general dimensions of zoarium unknown, branches anastomosing,

apparently thick, occasionally tumid, and varying in breadth from

one tenth to one twelfth of an inch. Fenestrules oval or irregular,

sometimes less, but occasionally rather longer than the breadth of

the branches. Zocecia tubular, short or stunted, cell-mouths circular,

prominent, with a rather thick peristome, from four to five arranged

diagonally in the branch. Reverse, on account of the peculiarity

of its preservation, indistinct.

Horizon and Locality. Caradoc beds ; "Wern-j-seadog, Llanfyllin.

Cabinet, J. B. Morgan, Esq., Welshpool; 2 specimens.

I have been fairly successful in drawing a portion of two branches,

on which the cell-characters are pretty distinct. The specimen

from which the drawing is made is rather more than half an inch

square ; it contains about twenty-three perfect and imperfect

fenestrules, and nearly the whole of the branches are more or less

covered with cell-apertures (fig. 1, a). In places where the cells are

worn the tubular prolongations are seen, and, judging from the

peculiarities of the form, I should not imagine that the branches are

Q. J. G. S. iS^o. 162. K
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thick. In places where the whole of the cells are worn off, their

former localization is indicated by wavy outHnes, as shown in
fig. 1, E ; but I cannot trace any other special character of the reverse

than this. "VYith the exception of the prominent lips of the cells of

the species, nearly the whole of the original organic matter of both

specimens is replaced by iron oxide ; consequently the once living

form now appears upon the shale as a dark brown friable mass.

Because of this, I am unable to fill in all the details that are necessary

for the full study of Lower Silurian species. It is to be hoped,

however, that the publication of these brief notes may be the means
of bringing to the front other fossils with the poriferous face

exposed, rare though they may be.

Prof. H. A. Nicholson has described one species of PJiyllopora

from the Trenton Limestone, Peterborough, Ontario *, and as the

Trenton Limestone is of, or about, the same age as our Caradoc

beds, the species is interesting for the sake of comparison. The
Ontario form is named Retepora trentonensis, Mch., and the fossil

was only known to the author " by several more or less imperfect

specimens, from which some of the essential characters cannot be

determined." There is no possibility of uniting the two forms under
one specific name, because, even from the characters which Prof.

^Nicholson was able to draw up from the best of his specimens, there

are many differences between them, as a comparison of the two
descriptions will show. The Ontario specimens are better preserved

than ours, and we learn from the description that the '- reverse

aspect is strongly striated with wavy or straight longitudinal striae."

In the Caradoc species I cannot trace any other character of the

reverse aspect than that already given.

Mr. E. 0. Ulrich describes t and figures one species of PTiyllojjora

in his series of papers on " American Palaeozoic Bryozoa." This he
names F. variolata, Ulr., but he says "the genus is represented by
two species in the Cincinnati rocks, P. variolata and another

which I believe is the same form that was described by Miller and

DyerJ under the name of Intricaria clathrata." The species found

in our British rocks is related to, but not identical with, Mr. Ulrich's.

In his species the " cell-apertures are arranged .either in two series

or three alternating rows; intercellular spaces thin, raised into

small nodes where longer ; about fourteen cell-apertures occupy the

space of -1 inch. Branches on non-celluliferous side smooth."

Locality. Cincinnati, Ohio, in strata from 150 to 325 feet above

low-water mark, in the Ohio river.

There is another fossil in Mr. Morgan's collection that merits

distinction and description, not more on account of its peculiarly

antique character than on account of its mode of preservation in

the volcanic ash in which it is imbedded.

* New Palaeozoic Polyzoa, Geol. Mag. Dec. 2, vol. ii. p. 2, f. 4, 4 b.

t Journal Cincin. Soc. Nat. Hist. Oct. 1882, p. 160, pi. vi. f. 14.

\ Contributions to Palaeontology, no. 2, 1878.
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Fig, 2,—Tliainniscus antiquus, Sj9, n.

111

A. The specimen, enlarged 2 diameters,

B, C, D. Details more highly magnified.

2. Thamniscijs antiquus, sp. n. Fig. 2.

Zoarium apparently springing from a root-like base, strong and

thick towards the bottom, where several root-branches appear to be

united, more delicate towards the younger or growing portion of

the zoarium. Branches frequently dichotomising, free. Zocecia

tubular, shown on one side only of the branch. Tubular cells not

contiguous, rather broad at the openings, gradually thinning out

towards the axial region of the zoarium : cell-mouths, so far as I

can make out, rather elongated, peristomes not prominent, reverse

striated ?

Formation. Imbedded in volcanic ash, probably of the age of

the Bala rocks.

Locality. Middleton Hill, near "Welshpool.

Cahinet. J". B. Morgan, Esq., Welshpool; one specimen.

This beautiful specimen, which I have drawn magnified about

four diameters, is buried in volcanic ash, which is so friable that it

breaks away with the least touch. It is very certain that it is the

reverse surface that is exposed ; but towards the bottom the thick-

ened branch is broken away, and the cells are exposed. The
appearance of the branch at this part is shown in fig. 2, b ;

but when more highly magnified the arrangement of the cells is

seen to be pretty regular, and is shown in fig. 2, c. By extracting a

minute fragment of the specimen from the matrix, I have been able

to expose the poriferous surface, and this is shown in fig. 2, d.

So far as I am able to judge by carefully manipulating this delicate

fossil, I can almost confidently assert that the species now described

dijffers considerably from the species previously described by myself *

Quart. Journ. Greol. Soc. vol. xxxviii. p.

k2



112 G. E. VINE ON PHTLLOPOEA AND THAMNISCITS FEOM THE

and by Mr. Shrubsole * as Thamniscus crassus, from the Wenlock
Shales and Dudley Limestone.

Referring again to Prof. Nicholson's paper on " New Palaeozoic

Polyzoa " (op. cit.), I wish to draw attention to two of his figures,

because these have some resemblance to the present species. Of
figs. 3 and 3 a in pi. ii. the author says (explanation of pi. op. cit. p. 5),
" Fig. 3.

—

Fenestella Davidsoni, a small portion of the non-poriferous

side of the natural size. Pig. 3 a.—Portion of the same enlarged."

Both these figures appear to me to be portions of a free-branching

Thamniscus. There are no fenestrules or dissepiments. Figs. 3 h

and 3 c of the same plate, " portions of the poriferous side of another

specimen " (Nich.), belong, so far as 1 can judge from the figures,

to a different species,apparently a true Fenestella. I know Prof.

ISTicholson will receive my remarks in the spirit in which they are

offered ; my only desire in criticizing his labours is to bring out all

the information that is possible in describing forms still older than,

but apparently generically related to, the Hamilton species described

as Fenestella Davidsoni by Nicholson.

Eange of Lower-Silurian FliyUoporm.

1. PhyJlopora. Lower Llandeilo. Cat. p. 20t.
2. Hisingeri, M'^Coy. Caradoc. Cat. p. 44. Prom several

localities.

3. ornata, MS. (Wyatt-Edgell). Caradoc. Cat. p. 44.

4. ' tumida, Yine. Caradoc (fig. 1, above).

5. variolata, Ulrich. Cincinnati Group.

6. clathrata, Miller and Dyer. Cincinnati Group.

7. trentonensis, Nicholson. Trenton, L. Ontario.

8. sp., Lower Llandovery. Cat. p. 64.

I give the whole of the forms known to me ; but I would advise

the examination especially of those numbered 1, 3, and 8, in the

above list. The Upper Silurian PhylloporcB merit full description

and illustration
; but unhappily the really good specimens are not in

my keeping, although ample material is in existence in the cabinets

of others for the purpose suggested.

Lower and Upper Silurian THAMNiscroiE.

1. Thamniscus antiquiis, Yine. Age ?, Bala beds (fig. 2, above).

2. crassus, Lonsdale. Wenlock Shale, Dudley Limestone.

3. variolata., Hall. Lower HelderbergJ.

4. nysa^ Hall. Lower Helderberg.

5. ni/sa, variety, Hall. Lower Helderberg.

6. fruticella, Hall. Lower Helderberg.

7. ? cisseis, Hall. Lower Helderberg.

* Quart. Jotirn. Geol. Soc. vol. xxxviii. p. 344.

t Mus. Pract. GeoL Catalogue. Silurian fossils, 1878.

I
Corals and Eryozoans of the Lower-Helderberg group, by James Hall.

Albany, 1880, pp. 37 & 38.
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Note on LicHENoroRA paucipora, Vine. (Quart. Journ. Geol. Soc.

vol. xl. p. 853.)

Immediately after the publication of ray " Notes on Cretaceous

Lichenoporidae," Mr, Thomas Jesson, F.G.S., of Pulborough, wrote

me respecting L. paucipora, Yine. Mr. Jesson says that it was he

who forwarded to Prof. Duncan the specimens described, and that

the fossils were found in washings from the coprolite-bed near

Cambridge. In all probability Prof. Duncan had mislaid Mr.
Jesson's letter sent in with the fossils, and I am glad to be able to

add the locality to the description of the species.

Discussioiir.

Dr. HiNDE remarked that it was impossible to discuss the con-

tents of such a paper as this without having either specimens or

good figures to refer to, and he protested against descriptive palae-

ontological papers being read before the Society without such
adjuncts.

The Chairman (Mr. Carruthers) agreed with Dr. Hinde that it

was very desirable that specimens should be exhibited if possible,

but at the same time it seemed to him that the present paper had
been carefully drawn up and would prove useful.
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16. T7ie Botjldee-Clats of LnfcoxT^sHiEE. Their Geogeaphical

EAifGE and Eelatiye Age. By A. J. Jukes-Bkowne, Esq.,

B.A., F.G.S. (Bead January 28, 1885.)

(Communicated by permission of the Director-General of the Geological

Survey.)

Jntrodtiction.

When I commenced the snryey of East lincolnsliire, in 1877, the

only connected account of the Boulder-elay was to be found in the

well-known paper by Messrs "Wood and Bome * ; and up to 1879,

when I wrote a paper " On the Southerly Extension of the Hessle

Boulder-clay in Lincolnshire "
f, I saw no reason for doubting the

propriety of their classification.

The mapping of these clays by myself and colleagues during the

subsequent progress of the Surrey has, however, brought to light

many facts ^I'hich were unknown to Mr. Searles Wood, and has led

us to question the accuracy of his interpretation of those facts which
were known to him.

The classification of glacial deposits is always a difficult matter,

and in Lincolnshire there are special circumstances which make it

very difficult to ascertain the relative age of the several masses of

Boulder- clay.

Mr. Searles Wood himseK, though still adhering to the divisions

which he first established, has considerably modified his views with
regard to the correlation of the Lincolnshire Boulder- clays. His
original classification of the glacial scries in East Yorkshire and
Lincolnshire, as published in 1868 t, was as follows :

—
5. Hessle clay.

4. Hessle sand and gravel.

3. Purple clay.

2. Sands and gravels.

1. Basement clay.

He then regarded the Basement clay as the equivalent of the

East Anglian Upper Boulder-clay, and considered the overlying

Purple and Hessle Clays as newer than any part of this southern

Chalky Boulder-clay. In his last paper (1880) he takes a difierent

view, and appears to look upon the Basement and Purple Clays as

together representing the whole East Anglian series §.

In both memoirs he insists upon the existence of a great break at

the base of the Hessle beds, and even goes so far as to exclude these

beds from the glacial series altogether, grouping them as Post-

glacial, because they are bedded into the Wold valleys and because

at one locality they happen to contain the shell Cyrena fiumindlis,

* Quart. Joum. Geol. Soc. vol. xxiv. p. 146. t Op. cit. vol. xxxv. p. 397.

^ Loc. cit.

§ Quart. Journ. Geol. Soc. vol. xxxvi. p. 527.
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Pig. 1.

—

SJcetch-Map ofLincolnshire, showing the range of the Boulder-

clays: reduced from the mxps of the Geological Survey. (Scale

about 12 miles to an inch.)

:":::'i::^::^ Marsh and Fen. ji,Chalky Clay. ^^^ Hessle Clay

.
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I propose, therefore, to set down some of the evidence which I

have obtained during the last six years, in order that the present
state of the case may be properly apprehended, and that the links

which are wanting in the chain of evidence, and the difficulties which
call for explanation, may be clearly perceived.

JSTo one who studies the Lincolnshire Boulder-clays can fail to be
struck with the great differences between the two principal types of

glacial clay which occur in the county ; they fall naturally into two
groups—a brown series and a grey or blue series, which are not
only lithologically different, but also to a great extent geographically

separate. It will perhaps clear the ground if I commence by briefly

sketching the range of these two types of Boulder-clay, leaving their

points of contact to be considered afterwards. The relations of the

two members of the " brown series," namely the Purple and Hessle

Clays, will next be discussed ; and in conclusion such inferences will

be drawn as appear to be warranted by the facts described *.

§ 1. The JRange or superficial Extension of the ChalTcy Boulder-day

.

This type of Boulder- clay only occurs in the southern, central, and
western parts of the county. In the south-west, about Corby and
Ponton, it is generally of a light grey or greyish-blue colour full of

chalk and oolitic debris ; beneath the Pens and northward along

the central valley it is usually of a deep blue or blue-grey ; but
eastward as it nears the Chalk Wolds it becomes lighter and lighter,

finally passing into an intensely chalky clay or marl of a pure white

or yellowish-white tint.

There can, I think, be little doubt that these grey-blue and white

Boulder-clays form part of the great sheet which spreads over the

eastern Midlands, and which appears to be continuous with what has

been termed by Mr. Searles "Wood the Chalky Boulder-clay or Upper
Boulder- clay of East Anglia.

The mapping of sheets 70 and 83 1 has disclosed certain peculi-

arities in the lie of this Boulder-clay which deserve attention. In
sheet 64 (south of sheet 70) spreads of Boulder-clay occur both on

the lowest and on the highest levels ; and some of these entering

sheet 70 extend northward along the high ground by Great Ponton
and Somerby to Kelby, a village about two miles S.E. of Ancaster.

But from Ancaster and Sleaford northward to Lincoln no trace of

this clay has been found along any part of the tract occupied by the

outcrops of the Jurassic strata. Again from Lincoln northward

no Boulder-clay is found along the higher ground, though it is

* For a full description of the Lincolnshire Boulder-clays and of the sections

observed during the progress of the Geological Survey the reader is referred to

the explanations of sheets 70, 83, 84, 85, and 86, vphich are now in course of

publication. In the following pages only a few sections are described as

specially illustrating the relations of the several clays, and the paper is designed

to convey such theoretical conclusions as do not find a place in the Survey

Memoirs. These conclusions are not, however, to be taken as expressing the

general opinion of the officers of the Survey, but are my own personal views.

t These numbers refer to the sheets of the Ordnance Survey map, and their

limits are shown on the map accompanying this paper.
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continuous on the eastern flank and soon begins to set in on the

western flank.

The great sheet which slopes northward through Cambridgeshire

and caps the islands of Ely and March dips beneath the Fen-level

along a line running south of Crowland and Wisbech and continues

to underlie the plain of the Fenland by Spalding, Donington,

and Boston. It may have been, and probably was, connected

with that which spreads over the high laud in the south part of

sheet 70, but it is now disconnected by erosion along the Fen
border. Unlike the high-level mass, it does not terminate in

the latitude of Ancaster, but appears to run northward below the

Fens bordering the Witham, emerging along their eastern border by
Tattershall, Kirkstead, and Bardney. Thence this Chalky Boulder-

clay spreads northward through Wragby and Market Rasen to

Brigg, and eastward to Horncastle and the high ground between the

valleys of the Bain and the Steeping in sheet 84.

It also sends a tongue-like prolongation north-eastwards, from
Hainton and South Willingham, across the escarpments of the Lower
Neocomian and the Chalk, by Gayton-le-Wold and Brough-on-Bain,

up on to the summit of the Chalk Wolds near Kelstern and Elkington

to the north-west of Louth. Near Gayton the Boulder-clay and
associated gravels are seen to be bedded against the slope of the

Chalk escarpment, showing that this escarpment had retired to its

present position in pre-glacial times. The height of the ground
near Kelstern is about 400 feet above datum-level.

Another important point in connection with the distribution of

this Boulder-clay is this, that with the exception of the tongue above

mentioned and a small outlying patch to the southward, it is not

found anywhere along the broad tract of the Chalk Wolds from
their commencement near Candlesby to their intersection by the

Humber. This is the more remarkable because this clay caps the

high ground formed by the Lower JN'eocomian escarpment near

Greetham,Fulletby, and Scamblesby, which is as high as, if not higher

than, the corresponding part of the Chalk escarpment. Still the

occurrence of the single outlier near Maidenwell, and the fact of its

climbing on to the Wolds by Kelstern, seem to indicate that the

Boulder-clay once had a continuous extension over these hills. We
are consequently obliged to conclude either that the W^old hills

have been in some way exposed to more severe and long-continued

detrition than the rest of the county, including the Neocomian ridge,

or else that the amount of Boulder-clay originally deposited on the

Chalk hills was very much less than elsewhere. It is very probable

that its thickness was less on these hills, and I have shown in pre-

vious papers that erosive agencies have been very active over this

tract.

§ 2. The Range of Brown Boulder- Clays.

The Eastern Border.—In describing these clays and their mode
of occurrence it will be convenient to commence on the north border

of the Fenland, near Firsby, a station on the Great Northern line
;
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and for details of the sections visible in tlds neighbourhood, I may
refer to my paper "On the Southerly Extension of the Hessle

Boulder-Clay in Lincolnshire "*. The map accompanying that paper

also shows the manner in which this clay, together with the under-

lying Purple Clay, stretches northward, and forms a broad tract of

undulating land between the Chalk Wolds and the eastern marshes.

That map, however, having been drawn before the boundaries of the

Boulder-clay had been accurately mapped north of Alford, it is

necessary to give some account of its inland boundary from this

point, and the map (p. 115) will enable the reader to follow the

ensuing description.

This boundary, to the west of Alford, is almost a straight line

;

the clay ends abruptly against the rise of the Chalk Wolds, and the

depth of the clay increases with the rise of the ground from Alford

towards the hills. Thus near Alford the usual depth of the Boulder-

clay is about sixty feet, but near Rigsby a well was sunk within a

furlong of the boundary-line, and passed through ninety feet of clay

without piercing it. These facts show that the plain of Chalk on

which the Boulder-clay rests is nearly horizontal, and extends up to

the foot of the Wolds. They also seem to indicate that the clays

are banked up against a buried cliff of chalk. This sb \rp boundary-

line continues north-westward for about two miles, till it is broken

by the outlet of the Calceby beck between Aby and Belleau. Here
there is an extensive bed of gravel, intercalated apparently between
an Upper and Lower Boulder -clay, and evidently a beach-formation,

containing broken marine shells in the sandy beds, and rolled

pebbles of chalk, pierced by Pholades,m the gravel beds. At South

Thoresby there are two beds of gravel, separated by a layer of cla}^,

about 20 feet thick, and the same is the case at Claythorpe station.

At and beyond Belleau the Boulder-clay overrides the cliff' or slope

of the Chalk, and for some distance caps the ridge which runs

through Burwell Park. Prom this place to the neighbourhood of

Louth, the boundary is very irregular, outliers of Boulder-clay

occurring on the highest hills, and tongues of the same clay

occupying the bottoms of the valleys which ramify through the

Wolds. The height to which the Boulder-clay here ascends must be

nearly 300 feet ; but in colour and general appearance it is precisely

the same as that found near the surface of the lower ground.

I^orth of Louth, for a short distance, the border of the Chalk

Wolds is similarly smothered in Boulder-clay ; but near Potherby

the boundary descends to a lower level and becomes again sharp and
clear. Striking N.N.W., and only interruptedby tongues thrust up the

older valleys, it passes into sheet 86, between Wyham and Hawerby.
At the latter place the boundary-line appears to pass between the

church and " the Hall" occupied by Mr. Harness ; this gentleman in-

formed me that a well had been sunk in his yard to a depth of 156
feet without meeting anything else than clay. As chalk comes to the

surface at a distance of about 150 yards, there is a very steep slope

* Quart. Journ. Geol. See. vol. xxxv. p. 397.
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(if not a cliff) of chalk at this place, and probably all along the line

of rise from the lower plain to the Wold hills.

At the same time it is clear that the Boulder-clay overrode

this cliff-line, and buried a considerable portion of the Wold land

to the westward. A thin outlier caps the high ridge between
Hawerby and Wold Newton, the summit of which is 382 feet above

datum-level ; and the same Boulder-clay occupies the valley-bottom

which runs northward from Wold Newton to E-avendale.

Fig. 2.

—

Plan of the country near Hatcliffe. (Scale 1 inch to a mile.

The ground occupied by Drift is indicated by diagonal shading.)

Kear East Eavendale there is direct continuity between the clay

in this valley and that outside the chalk ridge ; and the mapping
east of Hatcliffe (fig. 2) suggests the existence of a cliff-line breached

by the battering of ice before or during the deposition of the Boulder-

clay. From this locality the brown clays are traceable northward
by Laceby and Brocklesby to Barrow and Barton-on-Humber.

Westerly Extension.—From Hessle, on the north side of the

Humber, the so-called Hessle Clay sweeps westwards to North
Ferriby, and as it is also found on the south side of the river at

Barton and near South Ferriby, Mr. Searles Wood justly concluded

that it had once filled the great gap in the Wolds through which
the Humber flows. But if the Boulder-clay extended through this

gap, we should certainly expect to find it on the western side of the

Wolds, both north and south of the Humber, at similar low levels.

Mr. Searles Wood could not find it, and he suggests some elaborate

hypotheses to account for its supposed absence. These, however,

are fortunately rendered unnecessary by the simple fact that it is

not absent, but present in some force, both to the southward and
"westward of South Ferriby. It may be seen near Horkstow Bridge,

1| mile S.W. of Ferriby, and again in the dyke at the east end of

Winterton Holme, whence it extends westward to Winterton, and
thence northward to Winteringham, and it probably underlies parts

of the alluvium of the Ancholme. Along the eastern border of this
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alluvium at the base of the Chalk escarpment, runs a terrace of

gravel, apparently a continuation of that which overlies the western

end of the Hessle Clay at Perriby cliff. Whether this gravel is of

Hessle age is uncertain.

The Hessle Clay, however, has been found again in the neigh-

bourhood of Wrawby and Brigg, and its exposures will be described

in the Explanation of Sheet 86. Its character here is much more
variable than on the eastern side of the Wolds. Sometimes it is

full of stones, and sometimes hardly a pebble can be found in it;

occasionally it passes into a laminated sandy loam ; in colour, how-
ever, it still resembles the typical Hessle Clay, being of a reddish

brown streaked and mottled with ashen or bluish grey.

From Brigg it extends southwards, but has only been detected

at low levels on either side of the broad valley of the Ancholme.

Clays and gravels, apparently belonging to it, have been mapped at

Cadney, Hibaldstow, Eedbourn Hays, Waddingham and Thornton

Carrs, Owersby Carrs, and near Bishop's Bridge, east of Glentham

;

but in some of these localities it puts on an aspect which is very

different from that which it usually presents. It becomes a sticky

bluish clay, mottled in some places with yellow or brown, and only

containing here and there a rolled pebble of quartzite. In this form

it resembled weathered Oxford Clay so greatly, that it was at first

overlooked, but mapped in subsequently, after a careful and pro-

longed examination of the ground by Mr. Ussher and myself. We
found that this peculiar clay was everywhere underlain by gravel,

and that it sometimes passed into reddish clay, with stones more
resembling the ordinary type.

Beyond Bishop's Bridge, to the east of Glentham, it was no longer

traceable in the Ancholme valley ; but south-west of Market Easen
a reddish brown clay, mottled with grey and containing small flints

and pebbles of chalk, sets in at higher levels. This closely overlies

the ordinary grey Boulder-clay of the district, and caps the low
ridges separating the valleys of the brooks which flow westward to

unite in the Langworth beck.

There is a considerable area of such clay west of Paldingworth,

and again between Swinthorpe and W^ickenby ; and sand and sandy

gravel are frequently found in connection with it, both above and

below. I only saw these beds in a hasty traverse, made last year

after the country had been mapped, but found a fair section of them
in the railway-cutting west of Wickenby, the succession here being

as below :

—

feet.

Sandy soil and sand 3
Red-brown Boulder-clay 1

Yellow sand full of flints, seen for 1

? Grey Boulder-clay below (grassed over) —
These beds are so thin and so badly exposed, that I could not be

certain of their identity with the Hessle Clay, but they are very

different from the grey Chalky Boulder-clay which surrounds them.

South of this point, over a considerable space, as far as the valley of
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the Witham, nothing is known of this brown Boulder-clay, because

it has never been looked for ; but there can be little doubt that, if

looked for, it would be found, because it occurs on the further side

of the Witham, and it is not likel}^ to be absent in the intermediate

area, unless it has been removed hy detrition and erosion.

Crossing the Pens which occupy the ancient estuary of the Witham,
we find a strip of Boulder-clay occupying a peculiar position along

their south-west border. It has been already mentioned that the

ground occupied by the Lower Oolite south of Lincoln is entirely

free from Bouider-clay of any sort. The existence of this strip of

Boulder-clay along the Fen border was not then spoken of, because

there is reason to think that it belongs, not to the Chalky Clay, but

to the other series we have been following.

When mapped in 1878, it was supposed to belong to the mass of

grey and blue Boulder-clay which comes down to the fen-level on the

eastern side ; the existence of Purple or Hessle Clay so far west-

ward was not then thought of, and the question of separating the

Boulder-clays had not then been raised. My note-book, however,

contains a mention of peculiar brown and grey mottled clay, with

small fragments of chalk, as seen at Martin Wood near Timberlaud.

I have not had an opportunity of revisiting this, but have little

doubt that this clay is of the East-Lincolnshire type.

This ridge of Boulder- clay (which is capped by a remarkable

series of quartzitiferous gravel) passes into sheet 70 between Tim-
berlaud and Thorpe Tilney and becomes a promontory jutting into

the Fenlaud as far as BilliDghay. Its western border has, in fact,

been cut back by the erosive agencies which have formed the post-

glacial valley of the Scroby beck ; and there can be little doubt that

this Boulder-clay was once continuous from Walcott and Billinghay

to the neighbourhood of Anwick and Ewerby.
Of the Boulder-clay of Ewerby I can speak, again, from personal

knowledge. By Haverholme Park it is a mottled buff and brown
clay, full of small chalk stones, with a gritty or sandy feel, and in

every respect like the clays of East Lincolnshire. At Ewerb)^
Thorpe it is of a uniform dull purple-brown colour ; but this is ex-

csptional, and to the southward by Howell and Heckington, the

buif and grey tints predominate over the brown, though the mottling

and sandy admixture remain conspicuous features.

Near Heckington it occupies a tract of ground which is five

miles wide, and it passes eastward under the silt of the Eenland.

The gravels associated with it and on which stand the villages of

HeckiDgton, Great Hale, Little Hale, and Helpringham, all contain

rounded pebbles of quartz and quartzite, together with flints and
fragments of Jurassic limestones.

Boulder-clay of the same character continues southward by
Swaton and Horbling, though here the fen-beds encroach upon and
narrow the tract which it occupies. I have not traced it further to

the south than Horbling and Stow Green, and here, therefore,

further exploration is required with the object of acertaining its

-southern limit. In appearance it is so different from the grey or
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white Chalky Clay of the high lands that its separation therefrom
ought not to be a difficult task if it maiatains its usual characters ;

but it is conceivable that if newer than, and banked against, the

Chalky Clay the reconstructed material of the latter would give it

a different aspect and introduce a source of confusion and diffi-

culty.

If the Boulder-clay which borders the western side of the Fenland
is distinct from, and newer than, the bluish-grey clay which occurs

on the southern borders, and if both pass beneath the Pens, then
the newer clay ought to be found overlying the older clay in the

neighbourhood of Boston. The large excavations made for the new
docks at Boston last year enabled me to test this expectation. The
section I found at the bottom of the dock-basin in I^ovember was :

—

Clay and silt 18
Peat 1

White and grey sands 1

Reddish sand and stones in pockets worn in mottled buff

and grey Boulder-clay about 6

The Boulder-clay with the reddish sand and gravel in pipes

and pockets was similar in appearance to that near the western

border of the Fen, just, in fact, such as the surface near Heckington
and Hale would present if now submerged and covered by newer
deposits. In a deeper trench, between the dock and the river, a

dark-blue Boulder-clay was exposed underneath the mottled clay

which forms the base of ths dock-section. The line of junction was
not clear, but appeared to be a sharp one.

The existence of so-called Hessle Clay beneath Boston, anticipated

by me in 1879 *, is thus confirmed, though its thickness is but small.

The upper portion has probably been carried away by erosion, so

that only the basement part remains.

My reason for suspecting the existence of this clay beneath

Boston was that it occurs in the form of an island at the sui-face

near Sibsey, about five miles to the IS'.IS'.E. Here and at Stickney,

still further north, the clay is of a uniform purple-brown colour,

this being apparently the tint of the upper portion of the " brown-
clay series " in the Fen district f.

From Stickney this clay continues by Stickford to the northern

border of the Fenland, of which it forms the margin by Keal Coates,

Toyuton, and Little Steeping to Firsby, where we commenced this

description of its range. This ground was described in the paper

already referred to ; but there is one point to which I desire to recall

attention : this is the existence of sand-banks along the northern

edge of the Boulder-clay tract, where it is banked up against the

slope of the Kimmeridge Clay. This bank forms a kind of terrace

at the foot of these hills, and appears to indicate a shore-line. This

is of the greater importance, because the original margin of the

* Quart. Journ. Greol. Soc. vol. xxxv. p, 420.

t These clays may therefore belong to the Purple and not to the Hessle Clay.

V
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brown Boulder-clays has in most places been destroyed by post-

glacial detrition. The only other locality known to me where
beach-deposits contemporaneous with the upper portion of the

brown clay occur is near Kirmington, in sheet 86. These have

been mapped and investigated by Mr. C. Eeid, and will be described

by him in the explanation of that sheet. They are interesting as

containing a large marine fauna.

There is also another point of interest in connection with the dis-

tribution of the brown clay round the Fen borders. In 1879 I

drew attention to the peculiar way in which the newer Boulder-

clays (then supposed to be Ilessle Clay only) terminated southwards
in East Lincolnshire *. Leaving the Fen border at Stickford, the

brown clay is prolonged, southwards in a long ridge or bank by
Stickney and Sibsey for a distance of seven miles ; and while the

Pens on the east side of this bank are underlain by the same
Boulder-clay, those on the west side rest directly on Kimmeridge
Clay or on the older Boulder-clay which comes in further west.

This struck me at the time as a fact which was both remarkable

and difficult of explanation ; for if the contours of this part of

Lincolnshire during the formation of the newer Boulder-clay were
anything like what they are now, it is hard to conceive any valid

reason why this clay should be so peculiarly and partially distri-

buted ; why it does not continue to form a bordering plateau west-
ward from Stickford, as it does to the eastward of that place and
along the east side of the Chalk Wolds.

Not only is the newer Boulder-clay absent from Stickford to Tat-

tershall, but no sign of it has ever been discovered along the eastern

side of the Witham level from Tattershall to Lincoln, although in

the present paper I have described a continuous strip of this clay as

bordering the western side of this level from Billinghay to and
beyond Hanworth Booths.

I think we may infer from these facts that the contours of the

whole district lying to the east of the Witham level, and along the

Fen border as far as Hagnaby beck, have been greatly altered in

post-glacial times, that is, since the formation of the newer Boulder-
clay. The widespread deposits of gravel and sand of the lower
parts of the tract in question demonstrate that it has suffered

great erosion and detrition in post-glacial times ; so that altogether

it seems probable that, at the time when the newer Boulder-clay

was formed, this tract was occupied by a mass of the older Boulder-
clay, rising above the level at which the newer clay was laid down
in the Fen district, and forming a promontory which jutted south-

wards over what is now termed the West Fen.

On this supposition the existence of the curious ridge of Boulder-
clay running through Stickney and Sibsey finds a natural explana-
tion ; for if there was originally higher ground to the west of this

ridge, it may be regarded simply as a continuation of the bank
formed against the old shore-line below Toynton and Keal (see

* See Quart. Journ. Geol. Soc. vol. xxxv. p. 397.
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p. 122). This is, in fact, the conclusion at which I arrived in my
former paper *.

Assuming also that the trough of the Witham estuary then lay a

little to the west of its present course, and that it was filled up from
side to side with the brown Boulder-clays, like that of the Humber
estuary, we ma}^ regard the strip of newer Boulder-clay which runs

from Billinghay to Nocton and Hanworth as occupying the western

half of this old trough, and may suppose that the eastern half of the

clay-fiUed trough has been removed by post-glacial erosion.

This erosion was no doubt partly effected by the river flowing

through the Lincoln gorge and impinging upon its left bank ; and
it is interesting to note that this tendency to impinge upon the left

bank is maintained by Ihe modern river Witham, which hugs the

eastern edge of the fen-level all the way from Bardney to Tatter-

shall. The erosion of this eastern side was doubtless assisted by
the action of the tributary streams flowing off the clay-tracts to the

eastward, which would naturally have a greater volume and velocity

than those which drained the limestone country to the westward.

The Hagnaby beck rising near Bolingbroke has likewise done its

share of the work by attacking the promontory of older Boulder-

clay on the other side.

There is, therefore, nothing to militate against the supposition of

such a promontory, but, on the contrary, all the facts known to me
tell in favour of its existence ; 1 think, therefore, it is a feature

which must be introduced into any picture of the Eenland during

early post-glacial times.

§ 3. Points of Contact hetween the two Series of Boulder-clays.

In East Lincolnshire there are only three localities where the

Brown Boulder-clay comes into contact with the White Boulder-clay.

The first of these is at Maidenwell, five miles south of Louth.

Here, at a height of about 400 feet above sea-level, occurs an out-

Ijing patch of white Chalky Boulder-clay capped with flint-gravel.

The same clay also continues down the slope to Maidenwell farm,

to the east of which a second patch of gravel occurs, probably over-

lying the white clay, but passing eastward into or under a mass of

brown clay. No good sections are here to be found.

The second locality is near "Welton, about three miles west of

Louth. Here clay of the Hessle type, overlying a great depth of

gravel and exposed in good sections, appears to be banked against a

slope of white Chalky Boulder-clay. Near the line of junction a

soft, silty, yellowish clay, or calcareous loam, occurs; and the true

relations of the two series might easily be exposed by excavating a

short trench down the slope at this spot.

The third locality is near AVold Newton, in sheet 86. The Chalky

Boulder-clay enters the sheet S.W. of this village, and ends in three

spurs ; the central one of these descends to a lower level than the

others, and either passes under or into a brownish clay; but the

* Loc. cif. p. 409.
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entire absence of even ditch-sections prevented my coining to any

conclusion on this point.

The appearances at these three localities being not unfavourable

to the supposition that the brown clays passed into chalky clay,

taken together with the fact of the former clay occurring at so

great a height on the "Wold as nearly 400 feet, inclined me to the

belief that there was no great separation in time between the

formation of the two series. It was not, therefore, till last year

(1883) that I recurred to the opposite opinion, in consequence of

finding evidence on the west side of the Wolds which forced me to

regard the brown clays of that district as belonging to a much more

recent period than the blue and chalky clays. This evidence may
be briefly recapitulated as follows :

—

1. The position of the red-brown clays near Brigg resting against

ridges of Jurassic clay, which are capped by outliers of Chalky

Boulder-clay (as in fig. 3), the two clays being very different in

Fig. 3.

—

Section througJi Low Barf, S.E. of Brigg.

(Horizontal scale : 2 inches to a mile.)

d d

a. Alluvium. b. E,ed Clay, c. Chalky Clay. d. Oxford Clay.

appearance, and the former occupying valleys which appear to have

been eroded out of a surface composed of Oxford Clay overspread

by a sheet of Chalky Boulder-clay.

2. The fact that a red-brown clay of similar type actually rests

upon a continuation of the older Boulder-clay in the district between
Market Basen and Langworth.

3. The manner in which the mottled clays separate themselves

from the blue Boulder-clay and from a terrace or narrow tract along

the western border of the Fenland, between it and the highland,

just as they do between the marshland of East Lincolnshire and the

Chalk Wolds.

To these considerations may be added the following :

—

4. The actual superposition of the mottled clay on the blue

Boulder -clay at Boston.

5. The relative positions of the two clays along the north border
of the Pens by East and West Keal, where the Brown Clay is

banked against the slope of hills capped with Chalky Boulder-clay*.

6. The fact that, while both Boulder-clays are found at the same
level south of Bevesby, they each retain their distinctive colours

and characters and occur in separate areas.

* See Section in Quart. Journ. Geol. Soc. vol. xxxv. p. 405.

Q.J.G.S. No. 162. L
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§ 4. The Value of the Divisional Line between the Purjple

and Hessle Clays.

I will now assume what appears to be the outcome of the pre-

ceding facts, namely, that some or all of the East Lincolnshire

Boulder-clay is newer than the Upper Boulder-clay of East Anglia.

"Whether all of it be of such newer date is still open to question

;

and this brings me to discuss the distinction which has been made
between the Purple and Hessle Clays.

All the sections which, have come under my notice (showing the

junction of these two portions of the Boulder-clay series) I have

examined with a siDCcial view to this question ; and T may state at

the outset that I think Mr. Searles IVood has greatly exaggerated

the importance of this line of division.

I make a few extracts from my notebook in support of this

opinion.

At South-Eeston brickyard, 5 miles S.E. of Louth, an upper and
lower clay are clearly visible, the upper being reddish brown streaked

with grey, and including near its base a lenticular layer of brown
sand ; the lower is of a dark purple brown, without streaks : these

beds, however, are only separated by, two feet of brownish-purple

laminated loam, which rests evenly on the lower clay, and the whole
forms an unbroken succession.

At Stewton brickyard, two miles east of Louth, the following

section was visible in 1882 :

—

feet.

Loamy soil 2
Eeddish brown clay, -with lenticular seams of loamy sand
and silt 4

YeUowish-bro-wii sand i-H
Dark purplish-brown clay, seen for 6

The sand-bed includes patches or layers of Boulder-clay, and

appears to be intimately connected with the clays above and below.

At one place it thickens to 2 feet,, and has a layer of small

pebbles at the base, but it is certainly not an important line of

division. The sides of the joint-planes and cracks in the upper clay

are ash-coloured, but those in the lower are in places stained with

dark greyish-blue, which would probably become ash-grey if exposed

more to atmospheric action ; moreover, the top of the lower clay

immediately underlying the sand is of the same reddish tint as the

upper clay. This seems to suggest that the colours of the upper

clay are due to alteration by surface agencies.

Both here and at Eeston the upper clay is said to burn red in

bricks, while the lower clay burns white; can it be that there is

more oxide of iron in the former ? and is the purple colour of the

lower clay partly due to carbonate of iron ?

The brickyard in James Street, Louth, shows :

—

feet.

Eeddish clay (grey-streaked), with a base of hard sandy

and stony loam 14
Purple-brown clay, with fewer stones 10
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The junction here is level, and no signs of erosion are visible.

Purther, in another brickyard south of the town, a similar reddish

clay passes downward into purple-brown clay without any kind of

separation.

I also found the same complete passage from one kind of clay

into the other, shown in a brickyard at Ludborough ; the section

here was :

—

feet.

Clean, stiff, loamy clay , 2
Stratified sand, with layers of loam 5
Eedclish-bi'own clay with grey streaks, passing down into

puvple-brown clay with bluish streaks and then into

uniform bluish-brown clay 13

At Cleethorpes, where Mr. Searles Wood himself says that the

Purple Clay is seen capped with Hessle Clay along the cliffs, the

appearances are in reality similar to those above described at Lud-
borough. Near the steps which lead down on to the shore the cliff

is about 30 feet high ; at its base there is about 7 feet of purplish

clay passing upward into hard reddish clay streaked and mottled with

light grey ; along the horizon of passage there is an appearance of

stratification, but no well-marked line of division. The whole

forms one solid mass traversed by the same planes of jointing or

fracture.

"When traced in either direction, small lenticular beds of yellow

sand may be found, some distinctly within the limits of the reddish

clay, some about the horizon of passage, but all of them discon-

tinuous.

I may add that my colleagues, Messrs. Reid and Strahan, agree

with me as regards the complete passage from one clay to the other

at Cleethorpes.

I have not personally visited the Holderness-coast sections ; but

Mr. Lamplugh, who studied them closely and continuously for some
years, informs me that there is nothing which exactly corresponds

to Mr. S. Wood's representation of the Hessle Clay, " though there is

an uppermost Boulder-clay, generally reddish brown in colour,

which may be traced for miles along the coast." This reddish clay,

however, is as well developed to the north of Flamborough Head as

it is to the south of that point ; while the Hessle Clay, as defined

by Mr. S. Wood, does not reach so far northward as Bridlington.

In a recent letter to me, Mr. Lamplugh says :
—" I do not believe

in any important unconformity between this clay and the beds

below it, and the more I see of our glacial sections, the more dis-

inclined am I to believe in any great break in the sequence of

events. The best-marked unconformity that I know of is at the

base of the Purple Clay in this neighbourhood [Bridlington] ; but

at Dimlington even this break is not nearly so clear."

This line of erosion did not escape Mr. S. Wood ; he says that the

basement clay " is overlapped in every direction by another thick

bed of Boulder-clay, to which, in most of its exposures, it presents

a very denuded surface, rising up beneath it in bosses, and in some
l2
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places divided from it by fhe beds marked h (sands and gravel)"*.

He adds that though sometimes it is difE.cult to say where one clay

ends and the other begins, in other places the division is very

distinct,

IS ow the facts I have adduced appear to me sufficient of themselves

to invalidate Mr. S. Wood's classification, and, as a necessary

consequence, to destroy the superstructure of theory Tvhich he has

built upon it. Mr. Wood hardly seems to recognize the difference

between widespread unconformity and local contemporaneous erosion.

If the succession were broken in the manner assumed by ^Ir. TTood,

and if the interval between the formation of the Purple Clay and
the Hessle gravel were of such length and importance that it could

be taken as the line of division between the Glacial and Post-glacial

periods, then this break must be a widespread one, and must be

universal throughout the east Yorkshire and Lincolnshire area.

But if, on the contrary, it can be proved that at two or three

localities there is a complete passage from one clay into the other,

then it is clear that the break is not a universal one, and the line

of division becomes one of comparative insig-nificance.

In the face of such sections as those at Cleethorpes, Louth, and
Ludborough, where no break exists, it is useless to multiply instances

where the clays are separated by beds of gravel and sand, and where
some local erosion appears to have taken place. Still more unrea-

sonable is it to argue from these local appearances, and from the

occurrence of Cyrena jiuminalis in the gravels, that the Hessle beds

should not be regarded as Glacial, but as Post-glacial deposits.

I can see no valid reason why the whole series of Boulder-clays

and gravels in east Yorkshire and Lincolnshire should not be

classified as Glacial ; and I look upon those above the basement
clay as forming one continuous series, so far as any series of Glacial

deposits can be called continuous. That cases of local erosion by
currents should occur, and that beds of gravel and sand should be

intercalated between the Boulder-clays, are natural incidents in a

series of deposits which have been formed near coast-lines by the

agency of marine ice; and my conviction that these Boulder-clays

have been so formed has only been deepened by my recent

experiences and observations.

§ 5. Conclusions.

In section 3, we came to the conclusion that the brown and
mottled clays of the Pen-border and the Ancholme valley were
newer than the Chalky Boulder-clay of those districts ; further that

there was a decided break and an apparent unconformity between
the two groups. In the last section I denied the existence of any
break in the Brown-clay series of East Lincolnshire (i.e. the Purple

and Hessle Clays), and showed that Mr. Lamplugh holds the same
opinion with regard to the continuity of this group along the

Holderness coast. It seems therefore only reasonable to conclude in

the first place that the Glacial beds found on the west and on the

* Quart. Jouni. Geol. Soc. vol. xxiv. p. 147.
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east of the Lincolnshire Wolds do not form parallel series. If the

Chalky Boulder-clay and the Purple Boulder-clay were correla-

tives, we should be confronted with the anomaly of a continuous

succession existing on one side of the Wolds, while there is a

discontinuous succession on the other.

Assuming that they are not parallel series, and also supposing

for the moment that the brown clays on either side of the dividing

ridge in Lincolnshire are complete correlatives, then it is the

Chalky Clay which is unrepresented on the eastern side. Now in

East Lincolnshire the base cannot be seen ; but in Yorkshire there is

a grey and chalky Basement-clay (beneath the Purple-clay) which

was originally regarded by Messrs. Wood and Rome as the equivalent

of the Upper Glacial-clay of East Anglia. Moreover we have Mr.

Lamplugh's testimony as to the appearance of a break with more

or less unconformity between this Basement-clay and the overlying

Purple-clay.

I have little hesitation therefore in considering the Basement-

clay of Holderness the sole representative of the grey and white

Boulder-clays of Lincolnshire, and in regarding the overlying beds

of Brown Boulder-clay, with their associated loams, sands, and
gravels, as newer and higher members of the great Glacial series.

This conclusion differs from that recently enunciated* by Mr.

Searles Wood, but it is not the only point on which his earlier views

appear to me to be sounder that those he has subsequently

elaborated.

The position of the chalky " Basement-clay " at and below the

sea-level in Holderness, while on the Wolds of Lincolnshire it rises

to a great height above the sea, offers no difficulty to this correlation ;

because the same clay occurs at nearly as low a level on the west

side of those Wolds. I apprehend, indeed, that the Chalk Wolds were

at one time completely mantled by the " Chalky Clay" from side to

side ;
just as the Jurassic ridge was clearly so covered in Rutland

and South Lincolnshire.

Fig. 4.

—

Diagram to shoiu the Erosion of the Chalk Wolds,

o

O, older Boulder-clay. N, newer Boulder-clay.

The available evidence seems to indicate that the eastern slope of

the Chalk W^olds was invaded and destroyed by marine erosion

during a subsequent submergence, at or immediately before the time

when the newer (brown) clays were deposited, and that these were

laid down upon the plane of erosion so formed. This idea is

expressed in fig. 4, which is not a section along any particular line,

but only a diagrammatic representation of the relations above

suggested, the plane of erosion being partly across the Basement-

* Quart. Journ. Geol. Soc. vol. xxxvi. p. 527, and xxxviii. p. 712.
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clay and partly across the Chalk, and the broken line indicating the

original slope of the latter.

There remains another question to be considered, and this is the

importance or magnitude of the break above indicated between the

Chalky and Purple Boulder- clays. This break would appear to be

greater in the valley of the Ancholme than in Holderness, and it is

quite possible that part of the Purple Clay may be absent from the

former district. It is at any rate very likely that there was a

more continuous formation of Boulder-clays on the eastern than on
the western side of the Wolds, since the ice which formed them
clearly came from the east and north-east. It is also not

improbable that current-erosion may have been going on in the one
locality while deposition was taking place in the other.

The thickness of the Hessle and Purple Clays on the eastern side

of the Wolds is certainly greater than that of the similar clay in the

valley of the Ancholme, and this also is in favour of the supposition

that some of the Purple Clay is wanting in the latter district. On
the borders of the estuary of the Humber the Purple Clay certainly

thins out westward, and allows the Hessle beds to rest on the Chalk.

The clay about Winterton resembles the Purple Clay, but that to

the southward near Brigg is certainly more of the Hessle type.

Without discussing the physical conditions of the Glacial period

or the exact manner in which Boulder-clays were formed, I will only

indicate the general sequence of events which a consideration of all

the facts known to me has suggested.

To my mind the frequent occurrence of stratified beds, and the

actual existence of marine shells at more than one horizon in the

Brown-clay series, is sufficient evidence that the area of deposition

was essentially marine, and that the materials were borne by marine
ice.

The basement beds of the Glacial series of !N"orfolk give indi-

cations of continued depression and a gradual deepening sea, till the

whole of eastern and midland England was submerged, and Chalky
Boulder-clay was spread like a sheet over the whole surface.

This submergence, one of at least 600 feet, must have tended to

ameliorate the climate, and to cut off the supply of Boulder-clay.

Eventually if the direction of the earth-movement was reversed and
gradual elevation ensued, surfaces of the grey Chalky Boulder-clay

would be exposed, first to current-erosion, and then to subaerial

detrition.

With the partial upheaval of the land, however, glacial conditions

would return; Boulder-clay would again be formed, and this for

some reason seems to have been generally of a purple-brown colour.

It was formed more continuously on the eastern side of the Wolds
than on the western ; but the Wold hills may only have been at this

epoch a submarine ridge, or a peninsula of very slight elevation. If

the Wolds were above water during the formation of the Purple

Clays, there must have been another movement of depression so as

to allow the Hessle Clay to be deposited on surfaces which are now
nearly 400 feet above the sea. The extension of shore-deposits with
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marine shells in Xorth Lincolnshire to levels of about 200 feet may
be evidence of this depression. During this submergence the glacial

conditions seem to have passed awa}^, and the land was gradually

and finally reelevated.

We may, with Mr. Searles Wood, call the two epochs when thick

masses of Boulder-clay were formed, the periods of major and minor

glaciation ; but the latter would for me include the formation of the

Purple Clay. It is, indeed, this point which I wish to bring out in

a strong light: the paragraphs I have just written are purely theo-

retical and may not really represent anything like the actual

sequence of events ; but my statement of the close connection between
the Purple and Hessle Clays rests upon personal observation and
not upon theoretical grounds. What, therefore, I chiefly insist upon
is this, that if there is any one great break in the Glacial series,

corresponding to a decided change in physical conditions, this break

is not at the base of the Hessle beds, where Mr. Searles Wood puts

it, but at the base of the Purple Claj- in the Holderness section.

I do not propose to do away with the terms Hessle and Purple

Clay, because they may be useful as indicating certain horizons in

the Brown-clay group. I only wish to correct what appears to me
an error in the accepted classification of the Glacial series, and to

degrade the Hessle Clay from a position of primary importance to

one of secondary or perhaps even of third-rate rank.

I would simply tabulate the Glacial series as below :

—

Newer Glacial

Lincolnshire. Yorkshire.

{Hessle Clay. Hessle Clay.

Purple Clay. Purple Clay.

r Chalky Clay. Basement Clay.

Older Glacial . . . . ^ Cromer Series (includ-

[ ing Middle Sands).

Discussion.

Mr. UssHER expressed his agreement with the views of the author,

so far as the Brigg section is concerned. He had been greatly

indebted to the author in arriving at correct ideas on the relation of

the Boulder-clays while mapping that district.

Mr. C. Reid had surveyed part of North Lincolnshire and Holder-

ness. He thought that the Hessle Clay, at Hessle, is only a weathered

and decalcified Boulder-clay, and it was unsafe to correlate it with

the beds at Kelsey Hill or on the coast. He insisted that the

different colours of the Boulder-clays and the absence of chalk from
them were frequently due to weathering.

Mr. De Range asked the last speaker if the shells in the Boulder-

clays were similar in type to those found in the intercalated sands.

He wished to know if there were any real evidence of intercalation

of a fauna characteristic of a milder climate than that indicated by
the shells of the Boulder-clay.
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Mr. C. Eeid replied that there were only fragments of shell iu the

Boulder-clay.

Mr. Toplet remarked that differences in opinion on these theoretical

questions were naturally entertained by different members of the

Survey. He suggested that the differences between the Boulder-

clays on the two sides of the Chalk Wold might perhaps be explained

by the whole being formed by an ice-sheet coming from the north-

east, which carried Scandinavian rocks over the Xorth German plain,

and some as far as the English coast.

The Atjthoe replied to Mr. Topley that brown clays were found on
both sides of the Chalk Wold, some of those on the west of the wold
being identical in character with the Hessle Clay, and such as could

not have been derived from the blue chalky clay by any process of

weathering. Some of what has been called Hessle Clay may have

been so derived from the Purple Clay.
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17. The Metamorphosis of Dolerite into Hornblende-schist.

Ey J. J. H. Teall, Esq., P.G.S. (Read January 14, 1885.)

[Plate 1L]

The object of this commimication is to describe the gradual

change from dolerite to hornblende-schist as it may be observed

in two more or less parallel dykes which occur in the Archaean

gneiss of the north-west of Scotland, near the village of Scourie in

Sutherlandshire.

The northern promontory of Scourie Bay is named on the Ordnance

map Creag a'Mhail. ISTear this point two dykes of basic igneous

rock may be seen. The one to the south is about 30 yards wide

;

it has been more affected by denudation than the surrounding-

gneiss, and its course is thus marked by a depression which is

occupied by the sea at high tide. A short distance to the north

of the actual promontory is another dyke, about 20 or 30 feet wide,

of similar character, which terminates westward in a vertical cliff.

This may be traced in a south-easterl)^ direction down to a small

beach where the southern dyke is again seen, and from this point

the two dykes may be followed, running parallel to each other

towards the south-east, for a distance of a quarter of a mile or more.

The prevalent strike of the gneissic banding in this district is

E.N.E. and W.S.W., with a moderate dip to K.N.W. The dykes

therefore cut across the strike and cannot possibly be regarded as

bands in the gneiss.

On the opposite shores of Scourie Lake (Loch a' Bhaid Daraich)

and close by the side of the road to Laxford Bridge (three quarters of a

mile from the Scourie Hotel), the dykes again make their appearance.

Prof. Blake first recognized the northern dyke at this spot on the

occasion of our joint excursion to the north-west of Scotland in the

summer of 1883. This dyke is here the wider of the two and
forms a portion of the conspicuous hill which overlooks the lake.

The southern dyke produces a marked gap to the south of the hill.

The distance between the two dykes is only a few yards. The
junction-planes of gneiss and dyke are nearly vertical, and the fact

that they cut across the gneissic banding is most clearly shown.

Erom this point the dykes may be traced to the south-east for

more than a mile. What becomes of them ultimately in this

direction I do not know ; but, so far as I followed them, they keep

very closely to the same straight line and preserve their lithological

characters (subject to such exceptional variations as will presently be

described) with as much persistence as the dykes in the Carboniferous

region of the north of England.

The rock forming these dykes O'ccurs in two strongly marked
varieties. The one is a moderately coarse-grained, crystalline,
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granular rock of true igneous character * ; the other a typical

hornblende-schist. These two varieties shade into each other by
the most imperceptible gradations. The distribution of the two
varieties throughout the dykes is somewhat irregular. In many
places and for considerable distances no trace of foliation can be
detected, in others the whole mass of the dyke is foliated. The
prevalent strike of the foliation in the district lying to the south-

east of the hill overlooking the lake is nearl}^ at right angles to the

course of the dykes, and therefore parallel with the strike of the

prevalent gneissic banding.

In some places the distribution of the foliated and non-foliated
varieties is extremely irregular and quite independent of the course

of the dyke ; at others it exhibits a marked tendency to bend round
so as to become parallel with the margins. This latter feature is

especially developed at certain points where the gneiss and dyke
become very intimately blended along the junction-planes, owing to

the extension of tongues and flame-like processes of the dyke into

the gneiss. At these points there is often perfect parallelism between
the foliation of the gneiss and dyke, and it is possible to obtain

hand specimens in which the rock of the dyke is represented by a

band of hornblende-schist in the gneiss.

The jointing of the dyke is often very irregular, the planes

appearing bent and twisted. This may be well seen at the small

beach on the north side of Scourie Bay. Veins of quartz traverse

the dyke in certain places, and at the small beach above referred

to a vein of nearly pure felspar occurs. The surface of the felspar

is weathered, but the main mass is very fresh. One cleavage is

strongly marked, so that the mineral has a platy structure. Twin-
striation is not, as a rule, recognizable ; but Dr. Trechmann tells me
that the principal cleavage is parallel to the brachypinacoid, and
that would account for it. In one case I have observed twin-striation

on a cleavage-face. To determine the specific gravity, seven small

grains of the pure felspar substance were selected. In a Sonstadfc

solution having a sp. gr. of 2-638, two rose, one remained suspended,

and four sank. In a solution the sp. gr. of which was 2*644,

three rose, one remained suspended, and three sank ; and in one, the

sp. gr. of which was 2*654, three rose, and four remained suspended.

The specific-gravity determinations therefore indicate andesine, and.

this is confirmed by the following analysis :

—

* A dyke having the same strike and composed of a rock precisely

similar to the one here referred to occurs on the N.E. shore of Loch Glen
Coul. The water of the lake is in contact with the dyke for some distance.

If the Scourie dykes were continued towards the S.E. in the same straight

line they would pass a mile or two to the N.B. of the Grlen-Coul dyke.
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Andesine from Scourie Dyke *.

SiO, 58-16

Al,03 26-66

CaO 5-79

MgO -65

jSXO 6-99

K,0 1-76

100-01

The recent work of Descloiseauxt appears to have placed beyond
doubt the independent existence of andesine. I now proceed to

describe in detail the lithological characters of the principal varieties

of rock.

Dolerite (Diabase ?). The least modified specimens are dark in

colour and coarsely crystalline in texture. The augite grains and

crystals frequently measure 1 mm. across, and the felspars 2 mm.
X "5 mm. Three specific-gravity determinations made on samples

from different localities gave 3-106, 3-105, and 3-086. A bulk-

analysis of the rock yielded the following result J :

—

SiO, 47-45

TiO, 1-47

Al,03 14-83

Fe,03 2-47

FeO 14-71

CaO 8-87

MgO 5-00

Kfi -99

IsXO 2-97

Kfi 1-00

CO, -36

100-12

Under the microscope the rock is seen to consist of felspar, augite,

titaniferous magnetic iron-ore, apatite, and some secondary products,

including hornblende, chloritic minerals, quartz, and pyrites. The
secondary minerals, however, occur only in very small quantity.

The felspar is usually present in lath-shaped sections of the type

common in dolerites and diabases ; but occasionally plates of felspar

having a polysynthetic structure may be recognized, in which the

individual portions are not bounded by any definite crystalline faces.

In the freshest slides the felspar-sections are often perfectly limj^id,

bnt as a rule they show traces of alteration, and in some cases

* Dr. Heddle gives four analyses of andesine in bis paper on the Scotch
felspars, Trans. Roy. Soe. Edin. xxviii. p. 246.

t Bull. Soc. Min. France, July 1884.

I PoOg and S (in FeS2) were not estimated. The P2O, is therefore reckoned
with Al2b3. The water was determined absolutely. There was a slight gain
on ignition, showing that the oxygen taken up by the FeO was more than
sufficient to counterbalance the loss due to expulsion of water &c.
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have lost all individual action on polarized light. In the sections

which are more or less turbid, the cracks are frequently stained

with limonitic decomposition-products. Various modes of twinning
may be observed. Simple crystals and binary twins are common ;

so also are sections showing very fine multiple twinning and the cross

hatching attributed to simultaneous twinning on the albite and
pericline types.

. , _
Optical anomalies due ta strain are frequently recognizable. The

extinction-shadows sweep over the sections as the stage is rotated

under crossed nicols. The lines separating adjacent twin lamellae

are frequently curved ; and sometimes, where the limit of elasticity

has been exceeded, a crystal is seen to have been fractured. The
twin lamellae often show a great want of persistence in one and the

same crystal ; and sometimes they appear to be related to the fractures

in such a way as to suggest that they may be, in part, of secondary

origin *.

The pyroxene occurs in irregular grains, imperfect crystals, and
plates, which may be either simple or polysynthetic. The lath-

shaped felspars sometimes penetrate the pyroxene, and the rock then

possesses the ophitic structure of MM. Levy and Touque,
In the very thin sections examined the pyroxene is either colour-

less, or very pale chocolate-brown. The characteristic cleavages,

polarization-tints, mode of twinning, and extinction-angles prove very

clearly that the mineral is a typical monoclinic pyroxene.

The bulk-analysis of the rock makes it in the highest degree pro-

bable that the mineral is extremely rich in ferrous f oxide.

The titaniferous magnetic iron-ore occurs in irregular plates, and
sometimes in what appear to be skeleton rhombohedra. Apatite is

present in the usual colourless hexagonal prisms. Quartz and
chloritic minerals may be recognized, both doubtless of secondary

origin, and occasionally the pyroxene is seen passing over into green

hornblende, the characteristic mineral of the rock now to be described.

Hornblende-schist. The rock in its typical development is a fine

lustrous schist. On a natural face at right angles to the schistosity

the foliation is often strongly marked by alternating lenticular bands

of dark and light colour, the former being rich in hornblende, the

latter in quartz and felspar (see lower part of fig. 1). As a rule, the

bands do not show crumpling or puckering ; but in one case this was
observed. The individual constituents of the schist are much smaller

than those of the dolerite. The average size of the sections of

hornblende exposed in a slide cut at right angles to the schistosity,

and parallel to the direction in which the long axes of the horn-

blende grains are usually arranged, is somewhere about "4 mm. x
•15 mm.
The specific gravities of two specimens of the schist were found

to be 3*111 and 3-122. There is therefore a very close agreement

* Lehmann, 'Die Entstehung der altkrystallinischen Scbiefergesteine,' p. 196,

plate c. fig. 1.

t See "Analysis of Whin Sill pyroxene," Q. J. G. S. 1884, p. 648.



DOLERITE INTO HORNBLENBE-SCHIST. 137

between the dolerite and the hornblende-schist, so far as specific

gravity is concerned. A bulk-analysis of the schist also shows a

close agreement with that of the dolerite :

—

SiO, 49-78

TiO, 2-22

Al,03 33-13

FeA 4-35

FeO 11-71

MnO -27

CaO 8-92

MgO 5-40

K,0 1-05

Nap 2-39

CO, -10

Hp 1-14

100-46

The slightly greater percentage of silica in the schist is exactly

what the microscopic analysis would lead one to expect. It would

be interesting to know whether this is a constant feature, and, if so,

whether the silica has been introduced from without, or whether

bases have been removed. The isolation and separate analysis of

the individual constituents of the two rocks would probably lead to

interesting results. The fact that the schist contains more iron in

the ferric state, suggests that an oxidation of a portion of the iron

occurs in the change from augite to hornblende. This would effect

the liberation of a certain amount of silica ; and it is interesting to

note that in certain granular varieties of the rock, in which horn-

blende occurs to the exclusion of augite, detached grains of a clear

mineral resembling quartz may frequently be seen scattered through

a plate of hornblende having definite optical properties.

The constituents of the rock are hornblende, quartz, felspar,

or minerals resulting from the modification of felspar, titaniferous

magnetic iron-ore, sphene, and apatite. The rock is to all intents

and purposes holo-crystalline and possesess the true micro-structure

of a schist.

The hornblende occurs in irregular grains, which possess definite

optical properties, but are without external crystalline faces. They
are usually of unequal dimensions in the different directions, and the

corresponding axes of the diff'erent grains lie roughly, but not rigidly,

parallel to each other in the rock. The longest diameter of a grain

usually corresponds approximately to the vertical axis of the crystal,

and lies in the plane of schistosity ; the mean diameter corresponds

with the orthodiagonal, and also lies roughly in the plane of schist-

osity ; the shortest diameter corresponds with the clinodiagonal, and
lies at right angles to the plane of schistosity. The general tendency

to this mode of arrangement is admirably brought out when a

section at right angles to the plane of schistosity and parallel to

the direction of arrangement of the longest diameters is compared
with one parallel to the plane of schistosity. On rotating the
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former section over the polarizer, the vast majority of the grains

are seen to change from a rich deep green to a very pale greenish

yellow. The green tint appears when the direction of schistosity

lies approximately parallel to the plane of vibration, and is due to

the fact that the least axes of elasticity are only slightly inclined to

the long diameters of the grains. The pale greenish-yellow appears
in the opposite position, and is due to vibration parallel to the least

axes of elasticity in the different grains. On rotating the section

parallel to the schistosity in a similar manner, the grains change, as

a rule, from deep rich green to dark yellowish green, the former
tint being due to vibrations parallel to the least, and the latter to

vibrations parallel to the mean axis. It must be distinctly under-
stood that the above orientation of the grains in the rock, though
strongly marked, is not by any means rigidly followed.

In some non-foliated varieties of the rock of these dykes, plates

of hornblende of considerable size with perfectly characteristic

cleavages occur ; and by experimenting on these it is possible to

make out the cbaracteristic pleochroism of the mineral. If we take

a, /3, and y* to represent the greatest, mean, and least axes of

elasticity respectively, then it may be defined as follows :

—

a= Very pale greenish-yellow.

/3=Dark yellowish- green.

y=Eich deep green.

The absorption for rays vibrating parallel to /3 and y is con-

siderable, that for rays parallel to a is very slight.

Next in importance to the hornblende are the pellucid grains of

quartz and felspar. These] do not show a trace of external form.

The majority of them are simple, but a few show signs of twin-

striation. At first I thought these grains were almost entirely

composed of quartz ; but the chemical analj^sis shows such a close

agreement between the schist and the dolerite that I can hardly regard

this view as probable. Some facts will be mentioned later on which
throw light on the molecular changes observed in the felspar-

substance ; but at present I must confess that I feel considerable

doubt as to the possibility of separating the quartz from the felspar

in this rock by microscopic examination.

The titaniferons iron-ore is sometimes seen in the form of long

strips which lie in the plane of schistosity, and at other times it is

present as small grains which occur as inclusions in the other

crystalline constituents. It is sometimes partially surrounded by
grains of sphene. Broken prisms of apatite may frequently be

recognized. The only other constituents of any note are a few
turbid grains of what is in all probability felspar. The rock is

therefore a typical hornblende-schist.

The two extreme modifications of the rock forming these dykes

have now been described at sufficient length. Prom a consideration

of all the facts of the case, I have been led to the conclusion that

* The form of the ellipsoid is assumed to be that usually observed in horn-

blende.
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the hornblende-schist has been produced by metamorphic change in

the dolerite after consolidation, and it will conduce to clearness

if the remaining facts are described from this point of view. If my
conclusions should turn out to be erroneous, the phraseology adopted

would require modification, but the facts would of course remain

unaltered.

In considering the question of metamorphism as it affects

the Scourie dyke, two points have to be attended to :— (1) the

molecular rearrangement, (2) the development of foliation. An
examination of a series of sections cut from different specimens of

the non-foliated rock shows that a gradual transition occurs from

the typical dolerite with lath-shaped felspar sections to a crystalline

granular aggregate of hornblende, felspar, quartz, and titaniferous

magnetic iron-ore, in which all trace of the true microstructure of

the dolerite has been lost. This shows that the molecular rear-

rangement may take place without the development of foliation.

The change from augite to hornblende has been so frequently

described that it is quite unnecessary to enter into details on the

present occasion. All stages of the transition may be observed in

the sections taken from different specimens of these rocks, but not

in sections taken from any one specimen. Some show the augite

with marginal hornblende ; others show the hornblende with a

distinct nucleus of augite; and others show the hcrablende con-

taining indistinct patches and fibres of augite. The final stage is of

course one in which no trace of the original augite exists. The
appearance of quartz in connexion with this change has been already

referred to.

The changes in the felspar substance are equally remarkable,

though not so well understood. The original felspars, with their

characteristic twin-striation, may be traced into an aggregate of

distinct grains frequently without twinning, and having independent

optical relations. The general structure of these aggregates fre-

quently reminds one of saussurite.

Sometimes the felspar substance is turbid, but in many sections

it is perfectly clear and limpid, and difficult to distinguish from the

quartz, which also occurs in these sections. I regret that I am
unable to give a more complete account of the modifications which
the felspars undergo. That they suffer a complete molecular rear-

rangement is the only point which seems tolerably clear. The
modification of the titaniferous magnetic iron-ore is partly mecha-
nical and partly molecular ; that of the apatite is, I think, simply

mechanical *.

* The relations of the indi-vidual crystals and crystalline grains which form
the constituents of rocks, to the deforming forces brought into operation in

connexion with orogenetic movements, is a subject that will require much care-

ful investigation. One or two facts of importance appear to be established.

Under certain circumstances, as Prof Bonney, Dr. Lehmann, and others have
shown, the individual minerals become crushed, and a rock to which the term
clastic is strictly applicable may be produced without the agency of denudation.

Under other circumstances the deformation appears to be accompanied by
molecular rearrangement without anything analogous to crush. Thus Heim
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Witli regard to the development of foliation the evidence is very

satisfactory. The transition from, a crystalline granular rock to a

perfectly typical schist may occur in the space of an inch. The
specimen figured (fig. 1) was accidentally fractured, and a little of

Pig. 1.

—

Block shoiving Passage from Granular to Foliated Structure.

(Three fourths natural size.)

(Mechanisraus der Grebirgsbildung, Band ii. p. 55) calls attention to the fact

that in a cleaved ci'vstalline limestone belonging to the Hoch^ebirgskalk, the

individual calcite grains are of unequal dimensions in the different directions,

and have their longest diameters lying parallel to each other in the plane of

cleavage, although in the uncleaved rock the crystalline grains are of nearly-

equal dimensions in the different directions. He suggests that this is due to the

plastic deformation of the individual grains of calcite. Lehmann (Die

Entstehung der altkrystallinischen Schiefergesteine, p. 197) objects to this

view, and calls attention to the evidences of fracture and crush occurring in the

rocks investigated by him. The fact established by Heim requires an expla-

nation, however, and the most obvious one is the assumption that a molecular

rearrangement occurs in the calcite under the mechanical conditions which
determine the cleavage. The following important questions remain to be

solved :

—

Lender what conditions is the deformation of rocks accompanied b}' a crushing

of the individual constituents ? Under what conditions is it accompanied by
entire molecular rearrangement ? And lastly, "Under what conditions do these

two more or less opposite phases of metamorphism occur at one and the same
time?

In the north-west of Scotland there are schists that have been formed by
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the intervening material lost : but the two portions are represented

in their natural position, and the zone of transition is fortunately

preserved in the upper one. A large section prepared through the

zone of transition shows in a very perfect manner its gradual

character.

In what way was the foliation produced ? The only answer that

seems possible is, that it was caused by movement when the mass

was in a plastic state ; but plasticity may arise in two ways.

Under moderate pressures it can only occur when the material is in

the fluid condition, that is, when the cohesion is slight ; but under

very high pressures it may be produced in bodies which are solid

under ordinary circumstances *. This notion of the plasticity of

solids is, of course, one of immense significance in relation to rock-

deformation, and is doubtless destined to play a most important

part in all questions relating to the origin of the crystalline schists.

The phenomena of the Scourie dykes appear to me to show that the

plasticity which has led to the development of foliation, is that due

to high pressure at ordinary temperatures, rather than to high tem-
peratures at ordinary pressures.

The optical anomalies due to strain, the bending of the twin

lamellae, and the actual fracture of the felspar crystals of the

dolerite, are best explained on the assumption that the rock has

been affected by pressure after consolidation, and the same assump-
tion explains the curved and confused arrangement of the joint-

planes which is occasionally observed. Then the fact that the

planes of foliation frequently cut across the dyke and run parallel

with the prevalent strike of the gneissic banding, is difficult to

account for on the view that the foliation was produced by
movement during the final stages of consolidation, though easy to

explain on the alternative hypothesis. The curious interfelting of

gneiss and dyke at the junctions in certain places also appears to

indicate movement posterior to consolidationf.

Mechanical deformation accompanied by molecular rearrangements

has profoundly affected the gneiss itself; and I have little doubt

that some of this has taken place since the intrusion of the dyke.

mechanical action alone, others that have been formed by mechanical action

supplemented by a certain amount of moleculai' rearrangement, and others, again,

like the hornblende-schist of the Scourie dyke, in which a complete, or nearly

complete, molecular rearrangement has taken place. The data for the solution

of the above problems are therefore in all probabilitv to be found in this region.
* Tresca, " Flow of Solids," Proc. Inst. Mech. Eng. 1878, p. 301.

i" It is interesting to note that if this process of interfelting were carried on
to a much greater extent, it would lead to the disappearance of the dyke as such.

The only evidence that would then remain to attest the former existence of the

dyke would be the presence of bands of hornbleiide-schist in the gneiss. We
know nothing as to the age of the dyke except that it is later than the so-called

Archgean gneiss. It is somewhat interesting to contemplate the possibility of a

later djke of unknovni age becoming part and parcel of Archaean gneiss ; and
the reflection may serve to suggest that our gneisses and schists may be of very
complex origin, and may contain, as Prof Lapworth holds, elements derived from
formations of very different geological age.

Q.J.G.S. ^0.162. M
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One fold occurring not far from the dyke is figured below (fig. 2).

The parts marked with crosses are lumps of hornblende-rock.

Fig. 2.

—

Fold in Hebridean Gneiss, 3 or 4 feet across.

Another argument tending to show that the foliation has been
developed by mechanical action subsequent to consolidation may
be founded on the fact that the parallel structure does not occur in

the rock in which the original augite and felspar may be recognized.

The hornblende occurs alone in the foliated portion.

The relations of augite to hornblende are of great interest in

connexion with the origin of the crystalline schists, and they have
recently been discussed by the American lithologists, Prof. E. D.
Irving * and Mr. Gr. H. Williams t, at considerable length. Mr.
Williams points out that augite appears to be the stable form at

high temperatures, hornblende at low temperatures, so that any
condition tending to facilitate molecular readjustment at ordinary

temperatures must necessarily tend to facilitate the change from

augite to hornblende. The enormous pressures brought into

operation in the process of mountain-making may, as Mr. Williams

states, not unreasonably be supposed to supply such conditions.

The relation of crystals to their environment is one which lithologists

have most carefidly to consider. A crystal is doubtless in stable

equilibrium, so far as the molecular forces are concerned, when subject

to the conditions under which it is formed. Under other conditions

it may be in unstable equilibrium, and ready therefore to undergo

molecular readjustment the moment such readjustment becomes
possible.

We conclude, then, (1) that the hornblende-schist of the Scourie

dykes has been developed from a dolerite by causes operating after

the consolidation of the dolerite, and that the metamorphosis has

been accompanied by a molecular rearrangement of the augite

and felspar ; and (2) that the molecular rearrangement has, in

certain cases, taken place without the development of foliation.

* Amer. Journ, Sci. ser. 3, vol. xxyi. p. 27 (1883) ; ihid. vol. sxvii. p. 130
(1884).

t Amer. Joiirn. Sci. ser. 3, vol. xxviii. p. 259 (1884).
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To give anj^thing like a critical account of the previous work
bearing on the subject would increase the length of this paper to an

extent that seems scarcely desirable. I may mention, however,

a few facts which show that the point here advanced is by no means
new. Dr. Geikie, in his review of Dr. Lehmann's work, in ' Nature,'

mentions that Prof. Jukes long ago suggested that many areas of

hornblende-rocks may be due to the metamorphosis of basic lavas

and tuffs. Mr. Darwin in his ' Geological Observations/ 2nd edit,

p. 432, calls attention to the gradual passage from hornblende-slate

to greenstone ; but he regards the latter rock as representing the

extreme of metamorphism. Mr. Allport, in his valuable paper " On
the Metamorphic Rocks surrounding the Land's-End mass of Granite "

(Q. J. G. S. vol. xxxii. p. 422), refers to certain greenstones

which " might almost be described as hornblende-schists," and in his

summary expresses the opinion that "hornblende-schists may be

metamorphosed igneous rocks, some being derived from dolerites

or gabbros, while others are very probably foliated diorites."

'' Schistose greenstones " are described by Mr. J. A. Phillips in

his two papers '' On the so-called Greenstones of Cornwall " (Q. J. G. S.

vol. xxxii. p. 155 and vol. xxxiv. p. 471). Prof. Bonney, in a paper

on " The Hornblendic and other Schists of the Lizard District

"

(Q.J. G. S. vol. xxxix. p. 14), refers to the transition from hornblende-

schists to a rock resembling diorite.

Dr. Lehmann, in his work ' Die Entstehung der altkrystallinischen

Schiefergesteine,' describes the passage of gabbro into schistose

amphibolite. M. Eenard, M. von Lasaulx, and others hold that the

amphibolite schists of the Ardennes have been produced by the

mechanical metamorphosis of diorite. Adolf Schenck describes

schistose diabase in a paper on " Die Diabase des oberen Ruhrthals,"

Inaugural Dissertation, Bonn, 1884.

This account of previous works bearing on the subject is very

incomplete, but it is sufficient to show that the conclusions suggested

by an examination of the Scourie dykes have been more or less

anticipated by many previous writers.

In concluding this paper, I should like to take the opportunity

of acknowledging my indebtedness to Prof. Lapworth. In the

summer of 1883 he very kindly conducted Prof. Blake and myself

over the Erribol area, and explained to us the very complicated

stratigraphy of that interesting region. He called our attention to

the secondary structures developed in the rocks by mechanical action,

and instructed us where to collect specimens that would best serve

for the purpose of microscopic examination. At the time we were

on the ground I could not follow him at all points, because the subject

was new to me as regards both the stratigraphy and the petro-

graphy. Indeed it was not until I had examined the rocks collected

under his supervision, as well as others obtained by myself in other

regions of the north-west of Scotland, by the aid of the microscope,

and had read the work of Dr. Lehmann, published shortly after, that

I fully realized the significance of many points that Prof. Lapworth

had insisted upon. Although Prof. Lapworth has not seen the

m2
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Scourie dykes, I feel that it would not be right to allow this paper to

pass without pointing out that the ideas expressed in it have been

to a very great extent suggested by the lessons he taught me in the

Durness-Erribol area during the summer of 1883.

EXPLANATION OF PLATE II.

Fig. 1, Dolerite (diabase) section showing lath-shaped felspars, crystalline

plates of augite, titaniferous magnetic iron-ore, secondaiy hornblende,

and green decomposition-products. Magnified 24 diameters.

2. Hornblende-schist Tiewed with polarizer only. Plane of vibration at

right angles to scbistosity. Hornblende, colourless crystalline grains

(quartz and modified felspar), and titaniferous iron-ore partially

surrounded with sphene. On rotating stage through 90°, all the

yellowish -green grains change simultaneously to deep green. Magni-
fied 50 diameters. The hornblende is more abundant in the portion

of schist here represented than is usually the case.

DlSCTJSSIOlJ^.

The PEEsroEisTT pointed out that while others had suggested the

relations in certain eases between igneous and metamorphic rocks,

to the author belonged the merit of having demonstrated this in a

particular instance. He agreed with him that the sehistosity of

the rock of the dyke could not have been produced during the

cooling of the mass. He had always thought that some of the

hornblende-schist of the Lizard might similarly have been derived

from basic igneous masses ; but when working there he had failed

to obtain any proof of it.

Mr. Baiteeman remarked on dykes in the older Archaean rocks

of South America, which soimetimes run along planes of foliation

and at others cut across them. He thought that in such cases the

dykes were probably not very different in age from the gneiss

which they traverse.

Prof. Seeley said that the interest of Mr. Teall's work was in

the direct conversion of a volcanic texture into a schistose texture ;

but though the fact was new, it did not need any new views in

metamorphism to explain it. We could only conceive of the change

taking place after the dyke had cooled and cracked, because the

rock could not otherwise have offered the resistance under which
the crystals would extend themselves at right angles to pressure in

the foliated part. He thought that the change had been an ex-

tremely slow one, due to the temperature of the water in the

cracked rock being raised by pressure, so that it had slowly dis-

solved the material of the dyke, which had as slowly recrystallized

in a schistose form. Mr. Teall's account was conclusive ; but such

origins for hornblende-schist are necessarily local.

Dr. HiCES thought that the case cited in this paper, where one

crystalline rock was changed into another and into closely allied

minerals, probably by infiltration along minute fissures, lent no
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support to the extreme views held by some concerning the meta-

morphism of sedimentary rocks.

Prof. Blake asked how it was that one part of the dyke was
changed while the other part was not. He objected to the view
that because the change might take place in a range of a few inches,

therefore great masses of rock could be changed in the same way.
Mr. HuDLESTON remarked on the difference between the horn-

blende-schist of the dyke, consisting largely of hornblende and an
altered felspar, and the common hornblende-schist, which consists

chiefly of hornblende and quartz.

Mr. KiLGouR called attention to the fact that by pressure a

similar fibrous structure is produced in cast-iron.

The Author, in reply, pointed out that while the gneiss of the

country showed signs of great disturbance, the dyke maintained its

direction with a considerable amount of regularity. It seemed
evident then that the disturbances to which the gneiss had been

subjected must in the main have been produced before the intrusion

of the dyke. He had not argued that all hornblende-schists were
metamorphosed dolerites, but only that a particular hornblende-schist

been produced in this way. Why movement and metamorphism
had occurred at certain points and not at others he could not explain.

The typical schist of the dyke was composed almost entirely of

hornblende and a mineral or minerals occurring as colourless crys-

talline grains. Turbid felspar was rare, and, in the most perfect

schist, almost if not entirely absent. The colourless grains he
originally regarded as quartz, but he now felt considerable doubt as

to their precise character. In every respect, so far as his expe-

rience enabled him to judge, the schist appeared to resemble the

typical hornblende-schists of the so-called Archaean rocks.
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18. On the S.W. ExTEiJfsio:N of the CLZFTOif Eatjlt. By Peoe. C. Lloyd

MoEGAif, F.G.S., Assoc. E.S.M. (Eead December 17, 1884.)

On the right bank of the Avon, somewhat below the Suspension

Bridge and a little beyond the Clifton station of the Bristol Port

railway, the Clifton fault cuts across the strata somewhat obliquely.

On the southern side of the fault is massive Mountain Limestone,

forming the bold bluff of the Observatory Hill. On the northern

side are much contorted red grit and limestone shales (see Map,

p. 147).

Yiewed from the opposite side of the river, the right bank, from
the Suspension Bridge for half a mile northwards, shows the following

features. The eastern tower of the Suspension Bridge is built on a

solid mass of limestone, the western face of which fronts the river

as an almost perpendicular wall of rock. At right angles to this,

and parallel with the bridge-road, there is a second face due probably

to a joint plane, or a minor dislocation of the strata parallel with that

caused by the Clifton fault. This vertical face forms the southern

boundary of a little recess in the rocks, in which lies the Clifton

station. On the northern side of the station rises the somewhat
dislocated mass of limestone which forms Observatory Hill, and
which, on its southern side, abuts against Millstone Grit and Upper
Limestone Shales brought down by the Chfton fault. The whole
appearance of the side of the ravine now changes, and in place of

vertical limestone cliffs there is a wooded slope. Close to the river,

however, the rocks are weU seen in section, and show bands of hard

grit characteristic of the Upper Limestone Shales. These bands,

passing under the Avon at the point marked a on the map, have

hitherto caused a shallowing of the river at this point. Blasting

operations are at present in progress by which this obstruction will

be removed. Some 370 paces from the fault, solid limestone rises

from the river-side (at c), but is, a little further north, cut into by a

wooded notch (6) in which runs the path, known as the jS'ew Zigzag,

which joins the road near Proctor's Fountain. This notch starts

from the point of junction, at the surface of the downs, of the solid

Mountain Limestone and the Upper Limestone Shales, which are,

however, here unconformably overlain by the dolomitic conglomerate

of the Trias.

The throw of the fault on this Gloucestershire bank I estimate at

about 1150 feet vertically, which is some 350 feet greater than that

given by Buckland and Conybeare (Trans. Geol. Soc. 2nd series, vol,

i. p. 241), and by W. Stoddart (Proceedings of the Bristol

Naturalists' Society, new series, vol. i. p. 328). On the Somersetshire

bank I make the throw 50 feet less. This difference may be due,

in part at least, to the dying-out of the fault in that direction.

Taking as a datum-point the intersection of the line of fault and

that of high water on the Gloucestershire side, the rocks which have

been relatively shifted downwards are Mountain Limestone, about

710 feet, and Upper Limestone Shales about 440 feet. If we take
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.Mr. Stoddart's estimate (Geol. Mag. vol. ii. p. 83) of the thickness

of the Upper Limestone Shales at 600 feet, which I think is a fair

one, there will be 160 feet or so of these beds above Ligh-water

mark, above which the Millstone Grit will be brought down. This

accords very well with the facts, that contorted grits and shales are

seen from the new road some 50 or 60 feet above high-water mark,
and that above this little but grit is to bo found. It must be
remembered, however, that the beds in the immediate vicinity of

the fault on the down-throw side are exceedingly contorted.

A curious effect of the general squeeze by which the rocks here

are literally " in one red burial blent," is well shown in the immediate
neighbourhood of the line of fault on the Gloucestershire side of the

river. Here, over a face of limestone dipping 18° K"., has been thrust

a semicircular mass of rock with an external layer of grit, then a

band of limestone, and internally a core of grit.

Further eastward on this same Gloucestershire, or Chfton, side of

the Avon, the effects of the fault on the physical features of the

country are well marked, causing the well-defined depression in

which lie Triassic beds between the Clifton Downs (with its tongue-

shaped mass of limestone stretching westward from the Suspension

Bridge) on the south, and the northward-trending limestone mass
of Durdham Downs on the north. (See map.)

Passing now to the opposite, or Somersetshire side, we find the

following features, as seen from such a standpoint as the Observatory

Hill. A little to the north of the Suspension Bridge is the deep

indentation of Mghtingale Yalley, the southern side of which is here

precipitous, and answers to the vertical face which forms the

southern boundary of the station-recess on the Grloucestershire side

of the river. The northern side of the valley is less precipitous,

forming, in fact, more or less of a dip slope of limestone. A hundred
and fifty yards or so further north is another precipitous face of

limestone, that caused by the fault. After this, as we pass north-

wards, there is, on this side of the river as on the Clifton side, a

wooded slope. The solid limestone rises from the river-side at a

distance of some 2-10 paces from the faulted limestone face.

Owing to the fact that the fault cuts across the strata obliquely,

lower beds of the Mountain Limestone are intersected on this side

of the Avon than were cut on the Clifton side. Hence the rocks

relativelj' shifted downwards at the point of intersection of the line of

fault and the line of high water here are Mountain Limestone, about

780 feet, and Upper Limestone Shales about 330 feet, making a rela-

tive displacement of 1100 feet. Eemembering that the Upper Lime-
stone Shales are some 600 feet in total thickness, this leaves 270 feet

of these rocks, which would thus just extend to the top of the cliff.

Under these circumstances we should not expect to find Millstone

Grit faulted down on this side of the river. jN'or have I on careful

search been able to discover any beds of this rock. At the point

marked h on the map, however, I have found well-defined bands of

grit interstratified with limestone, showing that we here have beds of

the Upper Limestone Shale.
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In Messrs. Buckland and Conybeare's paper on the S.W. Coal-

district (Trans. Geol. Soc. 2nd series, vol. i. p. 242), attention is

drawn to the fact, " that the fault may be traced up the gully

which bounds the northernmost of the two Roman camps in Leigh

"V\'ood." Beyond this suggestive observation I am not aware of any
published account of attempts to trace the further south-western

extension of the fault. But since the Upper Limestone Shales

faulted down are softer than the solid limestone, we might very

probably, so it seemed to me, find a line of depression marking the

line of fault and running south-westward from this gully. Such a

line of depression actually exists ; and I have ventured to mark it

in the accompanying map as Upper Limestone Shales. It runs from
the neighbourhood of Hill Farm across Beggars' Bush. Lane, through

the northern corner of the Ashton Park estate, across the Abbots
Leigh road, in which the depression is well marked, and so to the

head of Mghtingale YaUey, along which this natural line of drainage

then passes, deserting the line of fault, which crosses i*^ightingale

Yalley about halfway up, and so passes to the gully mentioned by
Messrs. Buckland and Conybeare. It is interesting to notice that

the point where the fault crosses the i^^ightingale Yalley is indicated

by a weU-marked change in the physical features. Up to that point

the ascent is steep ; beyond that point it is much more gradual.

Up to that point the southern (left hand) side is precipitous, beyond
that point it has a more gentle slope. Up to that point the valley

is a deep notch, beyond that point it widens out. These changes

result from the bringing in of the softer rock by the downthrow of

the fault.

Another point is of interest. West of the point T have just

alluded to, a triangular wedge of limestone is cut off by the line of

fault and the line of the valley, which intersect at this point. (See

map.) This triangular wedge of limestone formed too marked a

natural feature to be missed by the Britons, who accordingly

strengthened it by building a vallum along its faulted side ; so that

the line of this Stoke Leigh Camp (marked " camp " on the map),

as suggested by Buckland and Conybeare, shows roughly the line

of the fault.

I have before mentioned that beds of grit belonging to the Upper
Limestone Shales are found on the Somersetshire bank at the point

marked b on the map. Where the Upper Limestone Shales come
in on the north side of Nightingale YaUey, I have, however, not

succeeded in finding any definite bands of grit, though fragments ot*

siliceous rock are abundant. jSTear the head of IN'ightingale Yalley,

at c, beds of clayey shale are exposed. And in the Ashton Park
grounds, across the north corner of which I have been able, through
the kindness and courtesy of Sir Greville Smyth, to follow the line

of depression, there are some quarry-pits, at d (see map), in which
white clayey bands are interstratified with bands of limestone.

And, yet further to the south-west, in the fields that lie between
Beggars' Bush Lane and Hill Farm House, there are many sandstone

fragments mingled with stones of Mountain Limestone.
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Before reaching Hill Farm the depression ceases or widens out

somewhat indefinitely. This is what we should expect. For since

the line of fault cuts across the strata obliquely, thus cutting lower
and lower beds of the Mountain Limestone, and since the fault shows
signs of dying out in this S.W . direction, a point must be reached

when, instead of Fpper Limestone Shales being faulted down
against limestone, beds of Mountain Limestone are faulted down
against lower beds of the same rock. And since it is only by the

bringing in of the softer beds that the line of depression is produced,

when these beds are no longer brought down to the present surface-

level by the fault, the line of depression ceases.

I thought it worth while to calculate the distance at which the

fault would cease to bring down Upper Limestone Shales to the

present surface-level, on the supposition that it shows no tendency

to die out in this direction. Supposing that the 600 feet of Upper
Limestone Shales are just faulted down in the Leigh Woods, on the

Somersetshire bank of the Avon, the breadth of surface covered by
these beds, at a dip of 27^°, would be about 1300 feet. The strike

of the strata is 65° east of north, and the direction of the fault is

70° east of north. The fault therefore cuts the strata at an angle of

5°. At such an angle the 1300 feet of Upper Limestone Shales would
gradually thin out, wedge fashion, as we pass westwards along the

line of fault,—the point of the wedge, where the Upper Limestone
Shales cease to come to surface, being about 4300 yards from the

Avon. Eut Hill Farm, where the depression before alluded to

ceases, is, according to Mr. Sanders' map, not more than 2200 yards

from the Avon. The difference I believe to be evidence of the

dying-out of the fault in this direction.

Beyond Hill Farm there is no means of tracing the fault. A
quarry a little beyond the farm, at e (see map), shows no sign of shaly

or sandy beds. But it is worthy of note that if we produce the line

that is marked by the Upper-Limestone-Shales depression, in a west-

south-west direction, until it cuts the junction of Mountain Lime-
stone and Lower Limestone Shales, we find at this point a great con-

fusion of dips. Within a couple of hundred yards or less we find 42°

E.I^.E., 2^"" S.S.E., 22° S., 10° W., 10° E.N.E. StiU this represents

but poorly the 1150 feet of throw on the Gloucestershire bank of the

Avon. If the fault have not practically died out as such, we should

expect, here in the neighbourhood of the junction of the softer

Lower Limestone Shales and the harder Mountain Limestone, some
more marked evidence of its existence. The only further evidence

of this kind which I have found, and I do not wish to lay any great

stress upon it, is this : that at a point a little to the north of the con-

fused dips, in the midst of the line of depression that marks the

Lower Limestone Shales, there is an island of Mountain Limestone,

at /on the map. Owing to its existence Mr. Sanders, in his map,
has carried his Mountain Limestone boundary-line outside this, so

as to include it in the Mountain Limestone. But I would suggest,

as possible, that this island of Mountain Limestone in the depression

is the remnant of a wed^e of this rock faulted into the Lower Lime-
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stone Shales, there being also a corresponding wedging of the Lower
Limestone Shales into the Mountain Limestone as indicated by the

S-shaped boundary-line in the map. And I may mention that I

have some evidence of the prolongation of the Mountain-Limestone

wedge still further westward into the Old Eed Sandstone.

In conclusion, I would draw attention to the fact that the marked
north-east trend of the Mountain-Limestone uplands from the point

of confused dips just alluded to, is undoubtedly, in part at least,

caused by the Clifton fault ; and to the further fact that the line of

this fault is, roughly speaking, parallel with that of the great Clapton-

in-Gordano fault. Messrs. Buckland and Conybeare suggested that
" it is not improbable that the two may be connected ;" but of this

there is no direct evidence.

DiscxjssioTsr.

Dr. EvAFs thought the paper was one of great value ; he asked if

there were not proof of the existence of more than a single fault.

The xiuTHOB said that at present he could find no proof of the

existence of a fault in the line of the Avon gorge ; the principal

fault is nearly at right angles to the line of the river. In answer

to the Chairman he said that to the east the fault was obscured to

some extent by the overlying Trias.
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19. On Fttlgtibite from Mont Blanc ; i«;ziA a JSTote o>i f^e Botjteil-

LENSTEIN", or PsEFDO-CHETSOLlTE of MoLDATJTHEIN', in BoHEJDA.

By Fkank Etjtlet, Esq., F.G.S. (Eead January 25, 1885.)

[Plate ni.]

An interesting paper by Mr. J. S. Diller, of tlie United-States

Geological Survey, upon fulgurite from Mt. Thielson in Oregon,
appeared in the ' American Journal of Science,' vol. xxviii. Oct. 1884,
in which allusion was made to the effect of lightning upon horn-
blende-schist on the summit of Mont Blanc, as noted by De Saussure.

On reading this, I remembered that some years ago Mr. James
Eccles gave me two or three small specimens showing evidence

of fusion on their surfaces, which he at the time considered to

be due to the action of lightning. They were collected by him on
the summit of the Dom du Groute from smaU peaks of rock rising

out of the snow at a height of 14,000 feet above the sea-level.

These peaks form part of the chain of Mont Blanc. The fragments
are small and consist of hornblende gneiss ; for they contain some
felspar, and one of the specimens is traversed by coarse irregular

foliations of felspar. Mr. Cuttell has made several attempts to

prepare a section through this specimen with the thin fulgurite film

adhering to it, but unfortunately failed, the fulgurite crumbling
away in each trial. The cuts made through the specimen at various

points show, however, that the fulgurite is quite superficial, no
trace of fusion being visible below the original surface when the

cut surfaces are examined with a lens. Indeed there appears to be
no alteration of the rock from the electric fiash, except on the

actual surface itself, where a number of globules, sometimes in the

form of attached spheres, sometimes in quite irregularly fused pellets

and blotches of brownish-black and of white glass, have been formed.

The latter is the frothy glass or enamel resulting from the fusion of

felspar, while the dark glass is due to the fusion of hornblende.

Upon one piece the surface is fretted and blistered over an area of

about half a square inch. Some of the globules have minute holes

from which gas has escaped ; while others have been inflated into

thin, spherical, or irregularly blistered bubbles (PI. III. fig. 1).

The dark glass is tough, some pressure being needed in order to

detach small pieces from the broken bubbles, fragments of these

bubbles, when examined under the microscope with high powers,

appear to be absolutely structureless and to contain nothing but a

few small gas-bubbles (PL III. fig. 2). In this respect the glass

corresponds precisely with the Mt. Thielson fulgurite described by
Mr. Diller, for there is no trace of cystallization-products in either

case. PL III. fig. 4 represents an elongated and twisted glass

enclosure containing many gas-bubbles. It occurs in a fragment

of the fulgurite. On the surface of one of the specimens three or

four glass-bubbles, each about the eighth of an inch in diameter, adhere
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to the rock quite close together, while from them a series of minute

globules of glass appear to be scattered in a somewhat radiating

manner, some of them being connected with the larger globules by

a thin fretted trail on the surface of the rock, indicative of the

sputtering of the fused material from the point struck by the

lightning (PL III. fig. 3). The blow-holes of the glass vesicles

from which the gas has escaped show an involution of the vesicle-

waU around them, as though each hole had been formed by a

wire pressed into the bubble while hot. This involution of the

vesicles around the blow-holes is possibly due to fusion, cooling and

contraction taking place with extraordinary rapidity. That the

cooling of the glass was unusually quick is proved by its freedom

from crystallites. Fulgurites, on this account, are probably the

purest natural glasses ever formed.

The edge of a thin splinter of the rock taken from this specimen

fused with intumesence, before the blow-pipe, to a dark glass similar

to that of the fulgurite-globules.

The dark and the white glass globules do not, as a rule, appear to

have mixed. They are often distinct, even when in contact, showing

a clear line of demarcation between the two different kinds. Some
instances may, however, be seen in which the dark shades off into

the white glass. The fusion of both the hornblende and the felspar

must have been so instantaneous, and the cooling so unusually rapid,

that the fused surface of each crystal solidified almost exactly in situ,

except where a sputtering of the molten matter was caused, either

by the force of the electric shock or by sudden disengagement of gas

from the fused material ; for, in presence of such intense heat, the

difference in the respective fusibilities of the hornblende and felspar

cannot be taken into account.

On showing one of these fulgurites to Prof. Judd, he thought it

might yet be possible to procure a microscopic section of the rock

with some of the fulgurite adhering to it. It is to his kindness in

making several preparations that I have been enabled to give the

drawing of the edge of one of the sections showing the fulgurite,

containing one or two gas-bubbles
(J)

fig. 5, PI. III.) attached to the

rock. Unfortunately at this point the gneiss lying immediately

beneath the fulgurite has some very opaque bands, which by reflected

light appear white, not more so, however, than in many other parts

of the section remote from the edge or original surface of the rock
;

and from this I think it may still be inferred that little or no

alteration has been effected beneath the surface by the lightning.

Some hornblende also underlies the fulgurite and still shows
dichroism. The section at all events demonstrates that the vitrifi-

cation has been purely superficial. The foliation just beneath the

fulgurite is perfectly distinct. Prom a microscopic examination of

those slides which were cut from a specimen containing coarse

foliations of felspar it is seen that the rock is hornblendic gneiss,

the constituents being chiefly hornblende, triclinic felspar, and
quartz. The hornblende is of a deep reddish-brown colour by
ordinary transmitted light, and occurs both in large crystals and
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patches showing distinct cleavage, and also in aggregates of smaller

elongated crystals apparently squeezed together with their longest

axis in the direction of the foliation. The felspars are triclinic, and

from the extinctions in some of the crj-stals, they appear to he

anorthite, the angles made hy the direction of maximum extinction

with the edge formed by the faces o P and oo Poo being 39° and 40°.

Other felspar crystals in the section give, however, very different

angles ; one, for instance, extingaishes at 18° from the datum-edge

in the + direction of Max Schuster, an angle which corresponds with
that of brachj-pinakoidal sections of albite ; but apart from the cases

of anorthite, the extinctions in these preparations are not very

trustworthy. A splinter of felspar taken from this specimen imparts,

however, a very strong yellow colour to the blow-pipe flame, so that

it is quite probable that albite is present.

Note on the BouTEiLLEisrsTEDf, or Psetjdo-chetsolite, of

MOLDATTTHEZN^ in BoHEMIA.

BouteiUensteia occurs in small irregularly shaped nodules and
grains in sand near Moldauthein in Bohemia, in tuffs in the

neighbourhood of Mont Dore les Bains, and Pessy, in the Auvergnei,

and in one or two other localities. These nodules have peculiarly

pitted, corrugated, or wrinked surfaces, which I think are due

to irregular glass enclosures and gas-pores, which, on the sur-

faces of the nodules, have been broken through and partially

worn away. The glass of which these nodules consist is considered

by Zirkel, Eosenbusch, Von Lasaulx, and others, to be one of

the purest glasses occurring in nature. A section of a small bouteil-

lenstein nodule, leut me by Prof. Judd, shows a considerable

number of gas-pores and glass enclosures, and is traversed from one

end to the other by distinct and approximately parallel banding,

such as may be seen in many osbidians, but especially in a red one

from the Yellowstone district, figured in vol. xxxvii. of the

Quarterly Journal of this Society (pi. xx. fig. 2). In describing

this specimen I noted that some of the bands showed very distinct

depolarization between crossed nicols, and that extinction occurred

when the bands were brought parallel to the principal section of

one of the nicols. The bands in the bonteillenstein behave in a

precisely similar manner, and in both cases the phenomenon may be

attributed to strain*. The section contains numerous spherical gas-

bubbles and irregular glass enclosures, some fusiform, others club-

shaped, while many assume curious bulbous and slightly branching

forms. They are frequently produced into, or from, delicate capil-

lary rods, and they usually contain several, sometimes a dozen or

more, spherical gas-bubbles. The surfaces of these glass enclosures

do not, as a rule, appear to be smooth and cylindrical, but they

* Observations upon depolarization in connexion with strain are best made
by artificial illumination, and the observer should screen aU extraneous

light from the eye. This may be done by wrapping a handkerchief round the

eye-piece.
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more resemble those of flint cores from which flakes have been

artificially struck, or the surfaces of prisms of starch. They
depolarize strongly from strain, and the glass immediately sur-

rounding them is similarly afi'ected, so that each glass enclosure is

bordered by a nimbus which is traversed by dark brushes. The
similarity of these glass enclosures to the one figured from the

fulgurite of the Lorn du Goute is very striking. A great number
of capillary glass rods pass obliquely through the preparation and

are cut off" by the planes of section, so that from a mere examination

of the slide one can form only an imperfect estimate of the

enclosures. The section shows one doubly refracting microlith,

about j-jfo^h inch in length, with a dark zone. A few other

diminutive doubly refracting specks are also visible under a

tolerably high magnifying power. Some of the gas-pores are large,

and, through grinding, have become filled with emery mud. They
thus fail to show the bright central spot, and merely appear as

circular, black disks. What looks like a clear glass ball, containing

a nearly opaque brownish sphere about Jth of its diameter, and
numerous minute angular granules, chiefly of glass, occurs in one

part of the section. This ball is about -^th. inch in diameter, and
causes a marked deflection of the banding in the adjacent glass ; but

in this case there is no strain developed, both the ball and the

adjacent glass remaining dark during rotation between crossed

nicols. I have no doubt that this is merely a hemispherical cavity

(part of a gas-bubble) filled with Canada balsam and crumbs detached

from the section during mounting. At another spot an opaque

circular disk (part of a gas-bubble filled with emery) has also produced

a deflection in the banding *. Although bouteillenstein is certainly

a remarkably pure natural glass, the glass of the fulgurite from the

Dom du Goute is still purer, and while the former possesses a well-

marked banded structure and a few microliths, the latter is absolutely

structureless, so far as can be seen with an amplification of over

1000 linear. That bouteiUenstein is an obsidian is denied by Ma-
kowsky t ; but (apart from its banded structure) its glass enclosures

and numerous gas-bubbles and its almost perfect freedom from any
products of crystallization, render its comparison with fulgurite

not merely admissible but possibly instructive. The bibliography

of fulgurite consists, I believe, chiefly of notes by De Saussure and
Humboldt, and more recent papers by Abich, G. Eose J, Giimbel §,

Harting ||, Eomer %, "Wichmann**, and DiUerft-

* That the strain in the bands results from a tension or stretching-out, and
not from a compression at right angles to the direction of the banding, cannot
be proTcd, since, in either case, one would expect an elongation of the gas-bubbles

b?/ compression. In this instance the pressure of the gas upon the wall of its

cavity has been greater than the pressure upon the surrounding glass.

t Ueber die Eouteillensteine von Mahren u. Bohmen, in Min. Mittheil. vol. iv.

p. 43.

I Zeitschr. d. d. G-eol. Ges. xxv. p. 112. § Ibid, rxxiv. p. 642.

II
Soc. Batav. Amsterdam, 1873, p. 13. f N. Jahrb. f. Min. 1876, p. 33.

** Zeitschr. d. d. Geol. Gess. xxxv. p. 849.

tt Amer. Journ. Sci. xxviii. p. 252
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In concluding this short paper, I would express my sincere thanks
to Prof. Judd for the trouble he has taken in preparing the sections

upon which these observations have been mainly based.

-EXPLANATION OF PLATE HI.

Fig. 1. Globule of brownish fulgurite glass detached from the surface of a speci-

men of hornblende-gneiss. Summit of the Dom du Goute, Chain of
Mont Blanc The globule shows a blow-hole at y, and its point of

attachment at ^ . X 25,

2. Fragment of brownish fulgurite glass broken from a bubble. It simply
shows conchoidal fractures and some gas-bubbles. No trace of

crystallization is yisible in it . X 120.

3. Fulgurite on hornblende-gneiss. The group of glass globules at z show
a somewhat radiate distribution, and some of them are connected by
a slightly vitrified trail. Natural size.

4. Glass enclosure containing numerous gas-bubbles occurring in fulgurite

glass, broken from a bubble . x250.
5. Fulgiu'ite adhering to surface of hornblende-gneiss. At b two gas-

bubbles are seen in the fulgurite glass which incrusts the sm-face of
the rock, but does not penetrate. The dark opaque part of the rock
immediately imderlying the fulgurite appears white when viewed by
reflected light. Thin section, X 120.

All these specimens are from the same locality. Figs. 1, 2, 4, and 5 are

represented as seen under the microscope by ordinary transmitted Hght.

DisciJssio]!r.

The Presidei^t said that Mr. Eceles, in some of his Alpine ascents,

had made a number of observations on the action of lightning on
rocks, and had pointed out to himself an example of it on Monte
Leone.

Prof. BoTD Dawkests had not seen any evidence from the paper

that the fusion in these cases was due to lightning. He referred to

the vitrification of rocks produced in vitrified forts and by beacons.

Prof. Judd referred to the discovery of fulgurite by Abich on the

Little Ararat, and to the existence of other glasses without crystal-

lites in Siberia, Iceland, and I^ew Zealand.

The AuTHOE, in reply to Prof. Boyd Dawkins, explained that the

rock could not, from its situation, have been fused by artificial

means.
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20, On Brecciated Porfido-rosso axttco. By Frank Hutlet,

Esq., F.G.S,, Lecturer on Mineralogy in the Xormal School of

Science and Eoyal School of Mines. (Read February 25, 1885.)

This well-known rock, the porphyrites of Pliny, the typical porphyry

of the earlier, and one of the typical hornblende-porphyrites of

more recent petrologists, has already been described in considerable

detail by numerous writers, especially in an admirable paper by
the late Prof. Delesse*. His observations upon a large number of

specimens collected at Djebel Dokhan, the Porphyrites Mons of the

ancients, by M. Lefebvre, are remarkable for the precision with
which they were made at a period when the microscopic examina-
tion of thin sections of rock was unknown, or at all events in the

very year (1850) when such sections were first made by Dr. H. C.

Sorby.

The observations of Delesse were made chiefly with low magni-
fying-powers upon polished surfaces of the rock, and by reflected

light. Brief descriptions of it, based on the examination of thin

sections, have also been published in several works. On looking at

a section recently prepared from a specimen of this rock, I was
surprised to see that it consisted, not of a continuous section of

hornblende-porphyrite, but of fragments of that rock held together

by a micro-crystalline granular cement. On referring to Delesse's

paper, I found that he described two kinds of the Porfido-rosso

antico, one being the rock in its normal condition, the other a

brecciated variety. It is to the latter that I would now direct

attention.

The specimen is of reddish-brown or maroon colour, flecked with
small white or reddish-white crystals of felspar and dark hornblende

crystals, which as a rule are considerably smaller than the felspars.

It closely resembles the fig, 2 on the coloured plate attached to

Delesse's paper. The section, when examined under a low power by
ordinary transmitted light (see figure, p. 158), is seen to consist of

angular and subangular fragments of hornblende-porphyrite ranging

from about an eighth of an inch in diameter to very small dimen-
sions, and surrounded in most cases by opaque borders of what
appear to be dark granules. This bordering of the fragments and
their frequently well-rounded angles suggest, at first sight, the

idea that they are lapilli which have undergone superficial fusion.

That they are true fragments there can be no doubt ; for the horn-

blende and felspar crystals which lie on their margins are often

irregularly broken away, while a fine debris of hornblende crystals,

felspar crystals, and porphyrite ground-mass is scattered through
the micro-crystalline cement which binds the fragments together.

The ground-mass of the porphyrite looks as if it were crypto-

* "Eecherches sur le Porphyre Eouge Antique et sur la Syenite Rose
d'Egypte," Bull. Soc. Geol. de France, 2« serie, t. vii.

Q. J. G. S. No. 162. N
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crystalline, and has a bluish-grey tint, while the cement has a more
coarsely crystalline texture, and is nearly colourless.

Brecciated Porjldo-rosso antico ( x 18 ; by ordinary transmitted

light).

The siliceous cetnent is indicated on the margin by the letter C and a line.

The distinctly-drawn crystals are chiefly hornblende.

w^mwM ¥m
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41"
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The difference between the fragments and the cement is still more strongly

mai'ked when the section is viewed between crossed nicols.

"When the section is placed on an opaque white ground and
examined by reflected light, the fragments appear of a pale

yellowish colour, and their borders, which by transmitted light

appeared dark, now exhibit a deep yellowish or coffee-colour.

On a black ground by reflected light the fragments have a

yellowish-red colour with a more intensely red border, in the outer

edge of which there is usually a belt of yellowish-white opaque
granules. The latter are apparent!}^ kaolinized felspar—similar

granules, flecks and altered felspar crystals, occurring irregularly

scattered through the interior of the porphyrite fragments.

The character of the borders of these fragments indicates decom-
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position rather than fusion. The ground-mass of the porph3Tite

fragments, although possessing a finely granular or crypto-crystalline

structure, appears very dark during rotation between crossed nicols
;

and from this it seems probable that it was once vitreous, and that

there is still more or less of a glassy residuum.

The following extract from Delesse's paper shows that he was
•well acquainted with the brecciated character of this reck, although

he could not then have seen it in the perfection with which it is

demonstrated in microscopic sections :
—" The structure of the

Porfido-rosso antico is seldom completely uniform; it is often

brecciated, as is the case in other porphyries, and especially in the

melaphyres ; the angular fragments which it contains are therefore

simply varieties of the rock itself. These fragments are sometimes

quite distinct from the paste which surrounds them, and from which
they are sharply separated. Sometimes, on the other hand, they

have no definite contours, and they melt imperceptibly into the

porphyry." (A figure in illustration of this is appended to his

paper, in which the brecciated character is merely indicated by the

nesting together of the felspar crystals in irregular areas.) " One
sees, in fact, that certain parts having angular forms are quite

distinct from the paste, for they take a fine polish, have a slightly

different colour, and contain larger and better-formed crystals of

felspar. It is, however, impossible to distinguish the boundaries of

porphyry-fragments corresponding to these angular patches ; for it

may be that they are fragments which have been fused, or stuck

together {ressoucles)^ or that, the paste not having been brought to

a state of complete fluidity and not having a uniform composition,

the felspar was unequally developed in the rock." Prom a careful

examination of the section already described, I do not think that

this latter theory is tenable ; and although the former might at first

sight appear to be true, yet the decomposed character of the borders

of the fragments contradicts such an hypothesis. As a rule, the

fragments of a rock which has been crushed and recemented in situ

would, if brought in contact, fit together accurately like the pieces

of a puzzle. In the section before us there is a general correspondence

of the disrupted parts, although, in some places, the fragments have

become widely separated and possibly shifted slightly in a rotatory

manner; while the alteration of some of the porphyritic felspar

crystals into micro-felsitic matter, closely resembling the cement,

tends, especially when such crystals lie on the borders of the frag-

ments, to increase the impression that the neighbouring fragments

would not fit together.

If the fragments were volcanic ejectamenta, there would be little

or no appearance of their former continuity. Moreover, in this rock

there is not the slightest admixture of material derived from other

rocks, while in volcanic tuffs and dust one frequently finds that the

constituent grains and lapilli are not all of one kind. Having, in

the first instance, assumed, from the general appearance of the

section, that the rock was a tuff, I have been gradually led to the

conviction that its brecciated character is due simply to crushing

n2
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and to the subsequent cementing of the crushed material in situ.

The finely comminuted porphyrite-substance which lies in the cement
tends to prove this.

With regard to the power of resistance to crushing which this

rock possesses, Delesse states that, compared with that of the red

Egyptian syenite, it is as 2| to 1.

The ground-mass of the porphyrite-fragments, when magnified

250 linear, shows great numbers of minute granules and a smaller

proportion of microliths. Most of the latter appear to lie with their

lougest axes parallel, from which it may be inferred that they

are normal constituents of the porphyrite and not devitrification-

products. The devitrification seems for the most part to be of a

granular and not of a microlithic character.

Although the veins of cementing matter contain some felspar

among the other finely crushed material derived from the porphyrite,

I am inclined to regard it mainly as quartz. Delesse describes

specimens of this rock in which very distinctly visible quartz-veins

occur, one which he figures being certainly not less than an eighth

of an inch in breadth at the broadest part. He states, however, that

quartz is of rare occurrence in the Porfido-rosso antico. The same
author observes, with regard to the constituent minerals of the rock

that the felspars are tricHnic and have a composition which is

between that of oligoclase and andesine, that hornblende is present,

and also specular iron and magnetite, the rock itself possessing

a feeble magnetic power.

Prom a microscopic examination it appears that the felspars are

much altered, in many cases containing what appears to be epidote.

Posenbusch describes a reddish alteration-product in the felspars of

this rock, which he also is inchued to regard as epidote. He like-

wise mentions the occurrence of apatite*, of which some good

crystals may be seen in the section here described. The magnetite

occurs in octahedra, and also in irregularly shaped patches. I have
been unable to get satisfactory measurements of the angles of

extinction in the felspars, some crystals giving very small angles,

while others extinguish at about 40° from the planes of composition

of the twin lamellae, and these must in all probability be anorthite.

The majority, however, have low extinction-angles and are most
likely oligoclase or andesine, as suggested by Delesse. .

The hornblende-crystals are very perfectly developed, and few
rocks contain more tj'pical examples of this mineral. In one

Id stance a hornblende crystal contains in its centre an irregular

enclosure of quartz, and many of them envelope magnetite, either

in octahedral crystals or in irregular grains.

The Porfido-rosso antico occurs at DjebelDokhan in a vein from 20
to 25 metres broad, traversing pegmatite. Particulars concerning its

mode of occurrence are given in the paper by Prof. Delesse already

cited. Some sections lent to me by Prof. Judd show here and there

* ' ]Mikroskopi3che Physiographie d. massigen Gesteine,' p. 290 : Stuttgart,

1877.
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small siliceous veins in which minute "horses " of the rock occur;

but the specimen from which they were cut is not of the brecciated

variety.

Discussion.

The President pointed out that some of the antique sculptures

of porfido-rosso in Italy show on their polished surfaces clear indi-

cations of a brecciated structure. He read the following passage

from his journal during his stay in Florence, in December 1875 :—'' In one of the first rooms at the Pitti is a superb vase of

porfido-rosso, a sort of saucer in form, about 8 feet across. This

certainly is a breccia, being full of pieces angular and subangular,

of different grain and crystallization, darker or lighter than the red

matrix, also porphyritic, just like what one would expect a highly

altered ash to come to, and the crystals had rather the appearance

of that." At that time he was familiar with volcanic agglomerates,

but not with crushed rocks; but he now thought Mr. Rutley's

explanation was probably the right one.
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21. On HOLLOW SPHEErLiTES and their Occtjeeence in ancient

Beitish Lavas. By Geenyille A. J. Cole, Esq., P.G.S. (Eead

March 11, 1885.)
[Plate IY.]

It is now quite unnecessary to caU attention to the fact that many
of the Silurian '• felstones " of jS'orth Wales were originally lavas of

a highly glassy type. The investigation of their characters by Mr.
Eutley * and Prof. Bonney t, and their comparison with volcanic

rocks of far later periods, has fairly removed them from the con-

venient class of felstones, and given them a stricter position as

altered rhyolites, trachytes, or obsidians. Perlitic, spherulitic,

and banded structures have been recorded in them ; the present

paper deals with a structure which has been often noticed, and
which is far more obvious to the eye, its original character being,

however, veiled by much subsequent alteration.

Every one who has examined the group of Bala lava-flows in the

Pass of Llanberis, notably at the foot of Esgair-felen, the great spur

of the Glyder-fawr J, or on the slopes leading to Cwm-glas, must
have observed whole masses of the compact grey rock crowded with
white or brownish spheroids. These are especially conspicuous on
weathered surfaces, or where a great joint-plane has made a section

through some hundreds, their diameters ranging from less than a

tenth of an inch to fullj^ two and a half inches. Some are evidently

radial aggregates, whether concretionary or amygdaloidal it would
be hard at first to say ; but others, and by far the most striking, are

mere hollow nodules, giving the rock a coarsely vesicular aspect.

Clear quartz-crystals often line the inner surfaces, and it is note-

worthy that the matrix has frequently the schistose character so

fully described by Prof. Bonney in the case of felsites near Bettws-

y-Coed §. This maj^ admit of considerable percolation of water and
the deposition of minerals in cavities already formed. That these

cavities are not, however, produced by indiscriminate weathering of

the matrix, but have some connexion with the original condition of

the lava-stream, is in places shown by the sharp demarcation

between a nodular bed and that immediately succeeding it.

The solid spheroids, as a rule, seem composed of dense felsitic

matter ; if, however, they are not the result of the process of in-

filling that is in progress in the hollow nodules, the passage from
one type to the other is so gradual that a complete explanation of

the structure should cover both extremes.

Before entering into any details with regard to these ancient

examples, it may be well to look for similar structures among com-

* " On Perlitic and Spherulitic Structures in the La"vas of the Glyder
Fawr," Quart. Journ. Geol. Soc. vol. xxxv. p. 508 ;

" On Devitrified Eocks
from Beddgelert and Snowdon," Quart. Journ, Geol. Soc. vol. xxxvii. p. 403.

t "On some nodular Felsites in the Bala Group of North Wales," Quart.
Journ. Geol. Soc. vol. xxx^iii. p. 289.

\ See Geological Survey of England and Wales, Horizontal Sections, Sheet 31.

§ Quart. Journ. Geol. Soc. vol. xxx^iii. p. 291.
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paratively recent lavas. It appears that until 1860, certain un-

usually large segregations in the glassy rhyolites of Hungary had

been classed with ordinary spherulites. In that year, however,

Von Eichthofen, in his paper entitled " Studien aus den ungarisch-

siebenbiirgischen Trachjtgebirgen "*, considering that many of these

bodies were hollow in the centre, and in some respects resembled the

vesicles of scoriaceous lava, described them under the name of

" Lithophysen." He believed that inclusions or segregations of

highly siliceous matter had been, during the consolidation of the

lava, blown up into bladder-like forms by the steam that they con-

tained. The toughness of the surrounding glassy matrix prevented

the immediate escape of the steam, and caused these vesicles to

accumulate as hollow spheroids, their walls being formed from the

original segregated matter. When cut across, their cavities are

seen to be divided into chambers by dome-like lamellae, one above

the other, as if produced by successive expansions of the gas. In
some cases the solid part of the " Lithophyse " is in a loose and
powdery condition. The glassy matrix shows pronounced perlitic

structure, and is often reduced to a mere honeycomb by the abundant
development of the cavities.

Szabo, however, in 1866 f, represented the hollow nodules as

nothing but altered spherulites, the removal of the material from
the interior, partly in solution, partly as fine powder, having left a

series of chambers which often follow the lines of the original con-

centric structure. He states that every successive stage of alteration

is to be found, and believes that a gradual concentration of silica

occurs in the layers that remain. These become finally strengthened

by a deposit of quartz-crystals upon their surfaces.

It might still have been argued that the material found partially

or even completely occupying the centres of these Hungarian
spheroids was merely a product of infiltration ; but in addition to

chemical evidence given by Szabo, Karl von Hauer t published, a

few months later, analyses both of the ground-mass surrounding the
" Lithophysen " and of their contents. His results may be thus

compared :

—

Average of three Analyses Contents of the

of the Grround-mass. Lithophysen.

Silica 76-72 75-91
Alumina 12*72 1

i /i q«
Ferric oxide 1-80

J

-^"^'^^

Lime 1-46 0-94

Magnesia 0-26 0-34

Potash 4-10 3-07

Soda 2-88 3-36

Loss on ignition .... 0*74 1-30

99-90
* Jahrbueh der k.-k. geol. Reichsanstalt, 1860, p. 180.

t "Die Trachyte undRhyolite der Umgebung von Tokaj." Jahrb. der k.-k.

geol. Eeichsanstalt, 1866, pl^ 89.

I
" Die Gesteine mit Lithophysenbildungen von Telki-Banya." Yerhandl.

der k.-k. geol. Reichsanstalt, 186*6, p. 98.
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There is, then, no essential difference between the composition of

the matrix and the solid portions of the nodules, and the latter are

therefore far more likely to have been produced from the rock by-

devitrification during- cooling than by any subsequent alteration.

Two determinations bearing out this view are given of the

specific gravity of the gToundmass, viz. 2'*! 10 and 2*403, that of the

material of the "Lithophyse" being 2-420. The figures expressing

"loss on ignition" in the analyses may, slight as the difference is,

suggest that decomposition has already begun in the devitrified

portions of the rock.

J. Roth*, commenting on Yon Hauer's analyses, fully agrees

with Szabo in regarding the hollow structure as the result of the

decomposition of spherulites, and this opinion appears to be generally

adopted. Zirkel t has thus referred to " Lithophyses " from the

Yellowstone area as " sphEerolites nearly as thick as a walnut, that

develop, by decomposition, the concentric layer-structure," all stages

occurring " between sphserolites in the natural state and cavities in

which there are five or six shells with their isolated borders." Mr.
William Semmons has kindly allowed me the use of specimens

showing similar features, which he collected from the obsidian

cliffs of Beaver Lake.

E. Weiss X, dealing with a group of rocks from the Thiiringian

Porest, insists on the fact that here also the hollow spheroids met
with are nothing but larger spherulites, and points out that the

solid parts of both show radial structure in thin sections ; but he
returns towards the older theory of Yon Richthofen in suggesting

that material separating from a glass may be built up around a

vesicle.

We are left, then, with two possible explanations of the hollow

nodules found in lavas. Their outer and solid portion may safely be

ascribed to spherulitic segregation from the matrix ; but the inner

cavity may be either the result of weathering upon a complete

spherulite, or a steam-vesicle that has acted, like an included crystal

or foreign body, as a centre of devitrification during cooling.

It does not appear that any real evidence has been brought forward

in support of the latter view ; but as a vesicular origin has been

assigned to some of the Welsh nodular fel8ites§, and perhaps, by
implication, to those of the Llanberis Pass, it may be well to inquire

whether the decomposition of spherulites is not in reality sufiicient

tD explain the characters of these rocks.

The determination of the conditions under which exceptionally

large spherulites arise must be left to those who are studying the

devitrification of artificial glass. Such forms are so frequently

associated with small ones that the variation in size of the Silurian

nodules is no evidence against their being all of common and

* Beitrage zur Petrograpbie der plutonisehen Gesteine, 1869, p. 168. Also
Allgemeine und chemische Geologie, 1883, toI. ii. p. 9.

t U.S. Exploration of the 40th Parallel, Microscopical Petrography, p. 212.

\ Zeitschrift der deutschen geol. Gesell. 1877, vol. xxix. p. 421.

§ Quart. Journ. Gleol. Soc. vol. xxxviii. p. 295.
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splienilitic origin. There may be made out, however, among later

lavas two classes of large spherules, which are merely extensions of

structures familiar enough upon an ordinary scale.

We know, for instance, how in many obsidians the spherulites

prove on microscopic examination to be mere cloudy aggregations,

with perhaps the faintest trace of radial structure. Thus in a

beautiful example from Iceland, numerous brown irregular patches

are seen separating out along the lines of banding; since crystal-

lization has not gone so far as to condense into microliths the

globulites of which they are formed, these little nodules show the

banding and even the fluidal structure of the matrix passing unin-

terru])tedly through them. Their relation, indeed, to these pro-

bably earlier structures is that of concretions in sedimentary rocks

to the beds in which they lie (PI. lY. fig. 1).

In proportion as slower cooling allows of the radial grouping of

the constituents, so the drawing together of the material towards a

centre tends to sharpen the limit between the spheruHte and the

glass, until a crack is often the result. Usually, however, the outer

border of even these well-marked forms contains a large amount of

glass, and frequently concentric coats of similar cumulitic and glassy

matter intervene between the radial zones.

Taking now sections of the obsidian wdth '' Lithophysen " from
Beaver Lake, we find in places no distinct boundary between the

grey nodular aggregations and the banded structure of the glass

(PI. lY. fig. 2). The lines of minute spherulites run into the larger

felsitic masses ; and the latter, though probably somewhat altered

since the consolidation of the lava, contain throughout the same rod-

like form of crystallites as is abundant in the surrounding matrix.

The felsitic substance is distinctly cryptocrystailine, its ill-defined

particles polarizing in colour ; and a very rough attempt at concentric

arrangement occurs in portions of the nodules, the lines being brought

out in hand-specimens by unequal weathering. Such irregularly

bounded nodules may be broadly regarded as segregations of rhyolite

in rhyolite-glass. They are localizations of such stony material as,

in longer process of cooling, might have finally spread throughout

the mass.

The equally irregular central hollows bear no resemblance to

steam-vesicles, while signs of alteration are very evident in the

felsitic matter round them. Flakes of haematite, red by transmitted

light and giving an iron-reaction before the blowpipe, are developed

in the powdery mass ; and the beautiful rod-like crystallites, clear

and colourless in the matrix, have, in these decomposing nodules,

been either converted into or replaced by a red-brown ferruginous

product. While the specific gravity of the glass is 2*41, that of the

nodule, obtained by means of the bottle, is only 2*31, a result

pointing towards hydration of the constituents rather than towards

such a concentration of silica as Szabo refers to in the case of the

Hungarian " Lithophysen " *.

If, then, the nodular obsidian of Beaver Lake appears to reproduce

* Jahrb. der k.-¥. geol. Reichs. 1866, p. 89.
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on a large scale the imperfect type of spherulitic structure, the famous
Hungarian examples bear the same relation to the concentric and
well-marked radial types. The " Lithophysen " in a rhyolite brought
by Prof. Judd from Lipari have affinities with both groups ; and
reflection will show that towards the centre of such a felsitic segre-

gation as has been described the material may often tend to become
more and more fully crystalline. Thus in smaller cases—an obsidian

from Yulcano, for example—the colourless radial groups of crystal-

lites form independent well-bounded spherulites in the midst of

brown clouds of globulitic dust.

A superb example of hollow spherulitic structure occurs in an
obsidian brought from Iceland by Mr. J. Starkie Gardner. The
brown spherules, sometimes single, sometimes intergrown, show
radial structure to the naked eye, and, as might perhaps be expected,

a sharp crack divides their outer surfaces from the glass. Even in

the cases one may meet with in breaking the specimen across, the

inner cavities are often very large in proportion to the fibrous shell

;

but here, again, we see nothing of the smooth curving surface of a

steam-vesicle. The microscope shows the solid portion of the sphe-

rules to consist of delicate radially grouped fibres, with some trace of a

concentric structure near the outer margin. The inner extremities of

these fibres are, as it were, frayed out, with signs of the formation

of secondary minerals between them (PL IV. fig. 3). Everything,

indeed, again points to the conclusion that the hollow structure is

only a result of decomposition.

iN'ow lava-streams are especially subject to the attacks of acid

vapours, of steam, and of water of high temperature, during the later

stages of eruption *, and the numerous cracks of the glassy

varieties will afford access to all portions of their mass. The parts

most likely to be affected are any felspathic crystals that may be

included, the crystallites of magnetite that may have separated out,

and the spherulites that are most differentiated from the glass.

Long ago Scrope f pointed out that such " globular concretions
"

are first acted upon by decomposition, and give rise to some of the

forms of " variolite," though he does not definitely refer the hollow

spherulites that he noticed in the perlites of the Ponza Isles J to

any process of alteration. The more developed their radial structure,

the more planes of weakness will the spherulites contain ; and at

the very centre, where the individual fibres terminate, the decom-
posing agents will probably find good hold. At the same time the

outermost layer of the spherule, between which and the glass there

is often small cohesion, will become reddened with iron alteration-

products and perhaps appreciably dissolved. Where radial and
partly vitreous layers alternate, the former perish while the latter

remain. This may be illustrated by banded obsidians from Lipari,

in which all stages of the process can be made out easily with a

* Compare Judd, " Volcano of Schemnitz," Quart. Journ. Geol. Soc. vol.

rxxii. p. 322.

t Considerations on Volcanoes, 1825, p. 118.

I Trans. Geol. Soc. series ii. vol. ii. pp. 202 and 218.
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lens ; and there can be little doubt that the original " Lithophysen
"

are records of exactly the same action. It is interesting to find

very similar appearances in our ancient rhyolites of the Wrekin,

the roughly concentric cavities formed by the weathering of large

spherules becoming lined with crystallized quartz (PI. IV. fig. 4).

The red earthy fibrous centres of the ordinary Wrekin spherulites *,

contrasting with their clearer borders, are probably similar evidence

of the more ready decomposition of the radial and perhaps toore

basic portions.

The one difficulty of this view of the formation of hollow

spherulites is the getting rid of the kaolin that will, in all proba-

bility, be formed. But. even if the alumina is not removed in soluble

combinations, the extreme minuteness of kaolin-particles will

enable them to enter and pass along the cracks of a vitreous lava

with comparative ease. Perlitic fissures, to which the more
obvious joints of a hand-specimen are veritable gullies, may at last

become choked, but are none the less active as transporting channels.

Some of them, in an interesting specimen brought by Mr. Car-

ruthers from the Yellowstone area, measure from -02 to -06 millim.

across ; and the sharpness of their edges removes the suspicion that

they may have been much widened by decomposition. Now large

particles of kaolin, such as one may rub off altered felspar with the

finger, may measure -01 millim. and more ; but the material

washed down naturally from a granite area is seen to consist of

specks far smaller, -004, -002, -0015 millim. or less in diameter. The
way in which kaolin-dust penetrates aU the cracks of a decomposing

granite, and even the planes of separation between different minerals,

is fair evidence of its capacity for wandering from its parent source ;

and the frequent occurrence of "Lithophysen" in rocks showing
perlitic structure may be due to the greater number of channels

there provided through which the alteration-products may run
their course f.

To return at last to the Silurian felsites of the Llanberis Pass, we
find in microscopic sections ample proof of their spherulitic character

and of the community of origin of both solid and hollow nodules

(PI. lY. fig. 5). The relics of radial structure are faint but indubi-

table, and the junction of the spherules and the glass is usually well

defined. Quartz may be seen developing among the crypto- crystalline

hbres, and brilliantly surrounding the central hollow when it occurs.

But in place of this cavity in several cases are the remains of original

smaller spherulites, apparently of more complete development than

the surrounding felsitic nodule, and therefore more liable to decay.

* S. Allport, " On certain ancient devitrified Pitchstones and Perlites from
Shropshire/' Quart. Journ Geol. Soc. vol. xxxiii. p. 454.

t I cannot refrain from here referring to a case bearing, pei'haps distantly,

on hollow spherulites. In much-altered granite (luxullianite) boulders on the

slopes above the inlet of Nanjisal, near the Land's End, many of the felspar-

crystals are found to be nothing but hoUovp shells lined with well-developed
quartz. In places this infiltered silica has entirely replaced the orthoclase

and formed solid pseudomorphs that are completely deceptive at a distance.
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Sometimes singly, sometimes in groups, these centres of tlie larger

nodules point to the origin of much of the hollow structure ; while
in other cases, just as in. the Yellowstone obsidian, the decom-
position may have ramified through fairly uniform segregations.

The matrix, now much altered, is magnificently perlitic, and the

removal of any kaolin would thus prove easy ; but the rock is also

rudely cleaved, the spherules themselves have occasionally been
faulted, and ample time has been allowed since the dying-out of

Snowdonian fumaroles and hot springs for the work which, doubt-

less, began to be silently carried on to our own day. If, as I hope,

one of the more perplexing structures of our ancient lavas may be

adduced as additional evidence of their similarity to those of modern
days, the object of these notes will have been amply served. It is

probable, however, that no petrographical characters, nothing, indeed,

short of stratigraphical evidence and comparison from point to point,

can absolutely define the relations of an igneous mass. The
orbicular segregations of a deep-seated rock, classed as spherulites

by Vogelsang, but defined as " belonospherites " rather than
"• felsospherites " *, might in time give rise to hollow nodular

structure. On the other hand, the complete demolition of the

spherulite, an operation going on in the Icelandic specimen of Mr.
Starkie Gardner, may in future ages reduce such a rock, whether it

occur as an interbedded or intrusive mass, to the level of a

scoriaceous obsidian or an amygdaloid.

In conclusion, my best thanks are due to Prof. Judd for kind help

and many illustrative specimens, and also, as before mentioned, to

Mr. William Semmons. Most of the rock-sections referred to have

been prepared in the Geological Laboratory of the ]N"ormal School of

Science and Eoyal School of Mines.

EXPLANATION OF PLATE lY.

Fig. 1. Section of obsidian from Iceland, with ill-defined spherulites developing
along the fines of banding. X 12.

2. Section of obsidian from Beaver Lake, Yellowstone Park, for compa-
rison with the above, showing part of the outer margin of a large

hollow spheruHte, with the banded structure of the glass passing

into it without interruption. Some of the bauds are composed of

minute spherulites. X 7.

3. Section of part of the inner margin of a large hollow spherulite in

obsidian from. Iceland, showing a tendency to the formation of

secondary minerals betweeu the fibres of which it is composed, x 75.

4. Broken surface of altered rhyolite from the Wrekin area, showing large

spherulite with structure characteristic of " Lithophysen," the cavities

being lined with crystallized quartz. X 1^.

5. Section of large hollow spherulite in altered perlite from Esgair-felen,

Pass of Llanberis. The left-hand portion contains an inner nucleus

with well-marked radial structure ; the right-hand portion contains an
irregular cavity partly filled with quartz. X 5|-.

* Die Krystalliten, p. 134.
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Discussion.

Mr. EuTLEY bore testimony to the careful observations of the

author of the paper. The only cases in which he felt any doubt

were those in which the irregular form of the nodules did not seem

to be altogether reconcilable with their spherulitic origin.

The President was not able entirely to agree with the author
;

for while his explanation might account for some of the structures,

yet many seemed to be due to an original vesicular character of

the lava. He adduced cases which he thought could only be

accounted for by the expansion of vapour-bubbles in a glassy rock,

disturbance of equilibrium being capable of inducing crystallization.

The Author stated that he did not intend to apply his explana-

tion generally, but only to the cases he had examined. Some of the

irregularities in the form of the spherulites are due to crushing and
faulting of the rock in which they are enclosed.
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22. On some new or impeefectlt E:ifow]sr Mabeepoeaeia from the

Geeat Oolite of the Cottnties of Oxeoed, Glotjcesiee, and

SoMEESET. By Eobeet F. Tomes, Esq., P.G.S. (Eead January

28, 1885.)
[Plate V.]

Tbte present paper is the result of continued search for Corals in the

Great Oolite, and must be taken as supplementary to the one I have
already published in the Journal of the Geological Society*. As
the information it contains is wholly supplementary, I do not

deem it necessary that a systematic classification of the species

should be very closely observed.

A section will be given of fke Great Oolite at Milton, Oxfordshire,

where a coralliferous bed is exposed, and one also of the quarry

near Cirencester, from which the late Mr. Brown obtained most of

the Oolitic Corals which were given by him to the Oxford Museum.
These sections, accompanied by an enumeration of the corals obtained

from them, and some sections in the neighbourhood of Bath, with

the species they have yielded, constitute the principal part of the

paper. To this will be added notes and descriptions of some of the

species.

The genus Bathycoenta, and its allies, I have already shown to be

characteristic of the Cornbrash ; but three specimens of Bathycoenia

Slatteri have lately been found at Combe Down, Bath ; and its

presence there, taken in connection with the prevalence of the well-

known Bradford-clay Encrinite in the corresponding coral-beds of

Parley Down and Hampton Down, would seem to point to a higher

geological level for the coralliferous deposits around Bath than I

have hitherto attributed to any of the Oxfordshire coral-beds. At
the same time it is desirable that I should mention the occurrence of

Bathycoenia Slatteri in the Great Oolite of the railway-cutting near

Bollright, where it was found by Mr. Jas. Windoes, of Chippiiig

Is'"orton, though its exact position in the section has not been

ascertained. Moreover, as I shall point out further on, there are

some stratigraphical reasons for believing the coral-bed at Caps

Lodge, near Burford, where also the same species of Bathycoenia has

been met with, and those near Bath, to be of nearly the same age.

Some genera of Madreporaria, hitherto unknown in the Oolites

of this country, have been recently met with, and wall now be added

to the list of genera. They are BarysmiJia, Stylosmilia, ITeliocoenia,

and two new genera which I have designated Thamnocoenia and
Platast7'cea.

Since the publication of my several papers on the Madreporaria of

the Jurassic formations of this country, Prof. Duncan has brought out

his " Revision of thePamilies andGenera ofSclerodermic Zoantharia'' t.

It is a valuable compilation, which by bringing together a great

number of references to the works of other zoophytologists, past and

present, renders the literature ofthe subject, comparatively speaking,

simple and easy. How fully the classification therein set forth by

* Vol. xxxix. p. 168. t Journ. Linn. Soc. vol. xyiii. Nos. 104-105, 1884.
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Prof. Duncan Avill meet with acceptance at the hands of other

workers in the same field, cannot at present be stated ; but it may
be confidently asserted that in some particulars serious modification

will be imperative.

Section in Graves's Quarry, near the Village of Milton.
ft. in.

1. Suvface-soil and shattered stone 3
2. Shattered stone, white, fine-grained, and scarcely oolitic in tex-

ture, containing a few scattered fragments of corals and a

NerincBCC 3
3. Marlj clay of a bluish cclour 2 8
4. Coral-bed. A light-coloured, fine-grained, hard limestone, not

oolitic, and almost ringing when struck with a hammer 2 7
5. Marlj^ clay with a bluish tinge 1

6. Stone in large blocks 1

7. Ferruginous marly clay 2 4
8. Stone in blocks 2
9. Marly clay with a bluish tinge 1 6

10. Soft imperfect stone with argillaceous seams, containing Cypri-

cardia,Natica, Modiola, ?in({ Ostrea 1 10
11. M.?^v\y ^]i?t\.B v!\i\i Modiola BiW^ Ostrea 8 1

12. Soft imperfect stone 1 2

13. Marly shale with Os;^rm 2. 3
14. Imperfect stone, harder than no. 13 1 9
15. Marly shale, much filled with comminuted shells of Ostrea 1 10
16. Imperfect stone 1 4
17. Marly shale with Ostrea in extreme abundance 3 3
18. Rubbly stone in about eight layers, without either shale or clay

between them 4
19. Marly shale, grey and ferruginous, sometimes indurated, and

having Os^^rea in extreme abundance 3 3
20. Dense oolitic limestone of a yellow colour, and ha^-ing oblique

lamination. It contains comminuted fossils, cliiefly shells, in

extreme abundance 11 8

54 6

The following Madreporaria have been taken from bed number 6

of the above section :

—

Cryptocoenia., sp., Montlivaltia caryophyllata,

31ontlivaltia, a vspecies having a naked costulated wall, Chorisasircea

ohtusa, Adelastroea magnifica ?, Isastrcea limitata, I. gihhosa, Tham-
nastrcea Lyelli, Anahacia complanata, Microsolena excelsa.

Prom the nearness of the above section to the outcrop of the

Great Oolite, and consequently to the underlying Inferior Oolite, it

is more than probable that it corresponds more closely with the

section exposed in the railway-cutting near Stonesfield than with
the one at Caps Lodge near Burford, though the latter is only

distant from it about a mile. But there is further and more direct

evidence favouring the conclusion that the Caps Lodge and Milton
sections, with their respective coral layers, do. not correspond with
each other in time. The Milton quarry is undoubtedly the one
mentioned by Mr. Hull at page 58 of the Memoir of the Geological

[Survey, illustrating sheet number 44 of the map, in these words :

—

" On Milton field, in a large quarry, a section similar to that at

Windrush is exhibited. There we find about 17 feet of inter-

stratified marls, shales, and thin-bedded limestones, highly fossili-

ferous, resting on thick-bedded oolite more than 12 feet thick, and
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yielding large blocks, the one belonging to the upper zone, the

other to the lower."

Bed number 20 of my section is the thick-bedded oolite mentioned
by Mr. Hull, and constitutes the lower zone, and this, he further on
says, is the equivalent of the Stonesfield Slate. All above it (having,

however, a much greater thickness than is stated by him) corre-

sponds with the upper zone. The oyster which is so abundant in

beds 17 and 19, and which occurs also in some of the other beds,

is probably Ostrea Soiuerhyi, and its prevalence in these beds, as

well as the nature of the stone and shale of which they are com-
posed, renders it quite probable that this part of the Milton section

corresponds with the oyster-bed in the Stonesfield cutting. If such

is the case, and the compact oolite below is identical with the

Stonesfield Slate, further evidence in proof of the identity of the

Stonesfield and Milton coralliferous deposits is unnecessary.

There is, however, considerable dissimilarity between these two
coral beds ; the one at Milton being much more uniform in texture,

as well as much harder than the one at Stonesfield. The former is,

indeed, so compact a stone, that it is only by fortunate fractures

that the enclosed corals can be examined ; and what adds more to

the difficulty of securing satisfactory specimens is their highly

crystalline condition. This coralliferous layer does not, indeed,

present the usual characteristics of a coral bank, but rather resembles

some near deposit into which they have been removed from the

place of their growth.

My previous assertion that some of the corals figured by Professor

Duncan, from the collection of the late Mr. Brown of Cirencester,

came from Tairforcl, has met with partial corroboration. Two
of the species, CJioricastrcea ohtiisa and Cryptoccenia tiiherosa, do not

occur in the cparry from which Mr. Brown's collection was made,

and are not to be seen in the Collection given by him to the Museum
at Oxford. The species were, I do not now entertain the least doubt,

originally in Miss Slatter's collection, and had been obtained from

Fairford.

A visit recently paid to Cirencester gave me the opportunity of

inspecting the linie-kiln cjuarry, three miles along the Stroud road,

and of preparing the following section which appears in it. It was
from this quarry that Mr. Brown obtained his specimens.

ft. in.

1. Surface-soil .., 1 6

2. Soil and shattered stone 1 6

3. A soft friable bed of an earthy nature, of a deep yellow colour,

and containing rubbly nodular stone. A species of Echino-

brissus occurs in it 1 6

4. Hard, fine-grained, whitish stone, non-oolitic, with a somewhat
conchoidal fracture, and penetrated by tortuous, but more or less

vertical and anastomosing perforations, which are filled with

the soft earthy part of the'bed above. No fossils observed 2 9

5. Fine-grained oolite of a light yellowish colour, in some parts

nearly white. Fossils rare , 3

6. Coral-bed. Eesembles the last, but is a little coarser. Contains

a Nerincsa and other univalves, and about 15 or 16 species of

corals 2
7. Compact yellow oohte with very few fossils 2
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Bed 4 is very peculiar. It is honeycombed through and through

with large perforations, and where the soft in-filling of the hollow

places has weathered out, is rauch used for rustic rockwork.

Beds 5 and 6 are very much alike, and the latter might almost be
regarded as the bottom part of number 5, but they have been
separated in the section to define more exactly the position of the

corals.

I have determined the corals from bed 6 as follows :

—

Stylo-

smilia reptans^ n. sp., Styllna solida, S. conifera, Cryptocoenia, sp.,

Convexastrcea Waltoni, Isastrcea limitata, I. gibhosa, I. Beesleyi, I.

tuherosa, Latimceandra lotharinc/a, Latimceandra, sp., GladophyUia
Baheana, Thamnastrcea Lyelli, Thamnastrcea, sp., Anahacia com-

planata, and Microsolena excelsa.

The examples of Isastrcea gihhosa are singularly fine, and one of

them, forming part of Mr. Brown's collection, now in the Oxford

Museum, is very remarkable. It has long radiating finger-like

processes springing from the original gibbous mass.

The most abundant coral in the Lime-kiln quarry is Conveoo-

astrcea Waltoni, One specimen obtained by Mr. Brown is more
than a foot in height, and consists of a mass of parallel corallites,

apparently all springing from one base ; so far as I could see, none
of them were ramified.

A small and delicately formed Stylosmilia, which has also been
met with at Parley Down near Bath, occurs with the Convescastrma ;

and the association of the two species, here and at Farley Down,
would seem to indicate that the coral-beds of these two localities

may be identical.

The want of a more extensive collection of Great Oolite corals

from the neighbourhood of Bath, from which district so many of

the types of MM. Milne-Edwards and Haime were derived, as well

as of a more intimate personal knowledge of the strata from
which they were taken, has long been an obstacle to me, not only

in working out the stratigraphical distribution, but also in the

determination of the species of Great Oolite corals. This want has

now been in a great measure relieved by recent examinations of the

exposures on Farley Down, Combe Down, and Hampton Down.
These are the particular localities, it may be remembered, which
furnished many of the specimens from which MM. Milne-Edwards
and Haime drew up their descriptions of Great Oolite corals. The
results of researches, made in company with my friend and frequent

companion in the field, Mr. T. J. Slatter, and with the Eev. H. H,
Winwood, I will now proceed to give.

In a rather extensive and long-since abandoned quarry on the

south side of Combe Down is the following section :

—

Q. J. G. S. No. 162.



174 E. F. TOiCES Oy MADP.EPOEAEIi.

ft. in.

1. Surface-soil and shattered stone 4
2. Compact yellow stone 3
3. Hard yellow stone divided into 3 or 4 layers, and containing a

few corals 5
4. Yellowish oolitic stone, much bored vertically by Annelides ?, but

containing n corals 1

5. Coral bed. This very closely resembles bed 4, and like it is bored
vertically 5 to 6

6. Bath Oolite, hght in colour and oolitic in texture, containing

very few fossils and forming the bottom of the quarry. Depth
not ascertained.

The following are the species which have been fonnd in the above

coral-bed by Mr. T. J. Slatter and myself :

—

EnaUohelia socialis,

n. sp., Bathyccenia Slatteri, TTiamnoccenia oolitica, Sci/pJiocceyiia?

,

BarysmiUa EtalJoni, StylosviiJia exceha, Stylina Floti, Cryptoccenia

Pratti, ConvexastrcEa Waltoni, MontJivalfia caryopJiyllata, a Jlont-

livaltia with a naked costulated wall, CalamophyUia radiata,

Isastrcea limitaia, I. serialis^ I. micropTiyTla, Latimceandra, sp.,

ChonsastrcBa ohtiisa, Platastrcea CoJiyheari, Oroseris Slatteri, Dimor-
jphastrcEci fungiformis, n. sp., Anahacia comjplancda, MicrosoTena

exceha.

Tbe bed in which the corals occur has not at all the appearance of

a coral-bed, properly speaking, but is like a deposit into which the

corals have been drifted from some near coral-bank and scattered

about, not in any place thickly, though they are not anywhere
absent. It is a distinctly oolitic layer, and the round grains of

which it is composed, as is not unusual in the Great Oolite, have

eaten into the imbedded organisms, and destroyed their external

details. Sucb is the condition of many of the corals from the Great

Oolite of Combe Down, though occasional specimens may be met
with which are in a fair state of preserration.

Of the exposures on the Hampton Downs, I am unable to give

detailed sections ; but at the south end of that plateau are some
ancient and abandoned excavations, which are usually denominated

the Hampton Eocks, in the upper part of which is a bed which, from

the abundance of sponges it contains, was called by the late Mr.
Moore the Sponge-bed. Immediately overlying it is the surface-

soil, mixed with a considerable quantity of shattered stone. This

is a broken-up coral-bed containing many corals. They are mostly

in a bad state of preservation ; and as very few could be determined

satisfactorily, a list of the species has not been prepared.

There is also on the same ridge, northward of the Hampton Eocks,

a large and disused quarry lying immediately behind the rifle-butts,

and now known as the Butts-quarry. In the upper part of it is a

well-marked coralliferous layer. It is three or four feet above the

beds of dense and massive building-stone for which Bath has been

so long and justly celebrated. Prom it have been procured the

following corals :

—

Stylina Ploti, Cryptoccenia micropliylla, ConvexastrcBa Waltoni,

Montlivaltia, sp., Isastrcea explanidata, a massive varietj% CTioris-

astrcea obtusa, Thamnastrcea scita, TJiamnastrcea, sp., Oroseris

Slatteri, DimorpTiarcea, a small species, Comoseris vermicularis,

Anahacia complanata, Microsolena eoccelsa.
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Across the valley, eastward of tlie Hampton Downs, near to the

village of Bathfoid, and directly under the building called Brown's
Tower, is a quarried escarpment which constitutes the western

boundary of Parley Down. From this spot, as I learn from the

Eev. H. H. Winwood, the late Mr. Walton obtained his Parley-

Down fossils.

The coral-bed is here more fully developed than in the Hampton-
Down quarry, or than at the Hampton Hocks. Yarying-iu thickness

from two feet to ten feet, it possesses all the peculiarities observable

in such Inferior-Oolite coral-deposits as Crickley and the Horsepools,

near Cheltenham, being a fine-grained and light-coloured mudstone,
which in some places is somewhat brecciated. It corresponds pre-

cisely in position with the coral-beds on the south-west side of the
valley, appearing immediately above the massive building-stone.

Iq several places above the escarpment, where the surface of the

turf has been broken through, thin patches of Porest Marble are

exposed ; and it would therefore seem that as the coral-bed occurs

only a little way below that bed, and as it contains many fragments
of the well-known Bradford-clay Encrinite, it holds a higher
geological position in the Great Oolite than has been assigned to the
Oxfordshire coral-beds, if we except the one at Caps Lodge near
Burford. Prom the Parley-Down exposure I have obtained the

following corals :

—

Stylosmilia reptans, n. sp., Stylina Ploti, Grytocoenia micropJiylla,

Convexasfixea Waltoni, Heliocoenia oolitica, n. sp., Montlivaltia caryo-

phyllata, Isastrcea Umitata, I. explanulata^ I. microphyUa, I. sp.,

Latimceanclra loiJiaringa, CJiorisastrcea ohtusa, Goniocora, sp., Tham-
nastrcea scita, T. Waltoni^ Comoseris vermicularis, Oroseris Slatteri,

Dimorpharcea, sp., Anahacia comjjlanata, Microsolena excelsa.

AH the species from this, as well as other places in the Bath
district mentioned in this paper, have been obtained from their

respective localities and beds by Mr. T. J. Slatter and myself.

EisTALLOHELiA sociALis, u. sp. (Plate Y. figs. 13, 14.)

The corallum consists of a great many corallites proceeding from
a common root, which is of small extent. Prom this they grow
upward and outward in every direction, and form a very thick and
tangled mass from one to two inches in height, and three or four in

breadth. This has a very irregular but somewhat convex upper
surface, formed by the union of the corallites, which are thus fused

into a more or less compact mass. The corallites are thin and
maintain nearly the same diameter throughout. They ramify in an
irregularly alternate manner, but do so very much more thickly at

their upper ends, where, coming into contact with others, many
unite and form irregular masses, which have their upper surfaces

more or less flattened. The mural costae, which in some species of

this genus are observable near the calicos, and in connection with
the septa, are in the present species nearly obsolete.

Yery few calicos appear on the lower part of the corallites, but
on the upper surface they are thickly but irregularly scattered. All

the prominent ends of the corallites, and aU the axial spaces have
o2
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calices, and others occupy flattened areas formed bj the union of the

corallites. They are circular and have very little prominence^ the
walls of the corallites continuing quite to the calicular margins.

The septa are not exsert ; there are three cycles, and the septa of

the first, six in number, approach the fossula, which is rather deep

;

those of the second cycle are three fourths of the length of the

primary ones, and those of the third cycle are very short, almost

rudimentarye

Several specimens have been taken from the coral-bed in the

Combe-Down quarry, all of which come well within the foregoing

description, though they vary somewhat in their relative height and
breadth.

Prom EnalloTielia compressa and E. davata, with both of which
the present species agrees in the nnmber of primary septa, it never-

theless differs considerably : from the first, in its general habit of

growth ; and from the second, which, however, it more nearly re-

sembles, in not having exsert septa, in having the third cycle of septa

rudimentary, and in the absence of the enlarged inner margins of

the primary ones. There is no other species of the genus with
which it is likely to be confounded.

Bathtccenia Slatteei, Tomes.

Some ill-preserved examples of this coral have been taken from

the coral-bed on Combe Down by Mr. Slatter and myself. A single

worn specimen has also been obtained from the Great Oolite at

Caps Lodge, Burford, and is now in Mr. Hudleston's collection of

Great-Oolite corals from that and other localities in Oxfordshire.

Great doubt is expressed by Prof. Duncan, in his " Eevision of

the Families and Genera of Corals," as to the distinctness of Bathy-
coenia from Styhsmilia, which genus, in habit of growth, it somewhat
resembles. A careful comparison of well-preserved specimens of

Tertiary Stylosmiliw, in my own cabinet, with Bathycoenia was made
by me when drawing up the generic definition of the latter, and the

absence of a true columella was clearly made out. The accuracy of

my diagnosis has been fully confirmed by the discovery of a

Bathyccenia in which the septa do not meet in the centre of the

visceral cavity, and in which therefore there is no columella*.

Genus Thamkoccenia, n. g.

The corallum consists of an irregularly formed and attached mass

of compact coenenchyma, from which corallites spring and present

the appearance of a straggling ramified cluster.

The corallites have considerable prominence, the longest being

fully half the height of the corallum. The intercalicular portion,

as well as the free part of the corallites, is wholly without epitheca,

and has long and equal costse.

The calices are deep and circular. The septa are entire and the

* Since the above was written, I have detected tabulse in the calices of a

specimen of Bathyccenia Slatteri.
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primary ones swollen at their inner margins, somewhat as in

Scyphocoenia staminifera.

Increase takes place by gemmation, quite at the base of the coral-

lites, probably from the basal coenenchyma, but not on any other

part of the corallnm.

In its general form the only specimen I have seen bears consider-

able resemblance to the small and not much developed examples of

some species of Dendrophyllia, but only superficially, its affinities

being with the family Astreidse, while the absence of denticulations

on the margins of the septa indicates a place in the subfamily

Eusmilinse.

Thamnoccenia oolitica, n. sp. (Plate Y. figs. 5-8.)

The corallum has an irregular basal part, which is broadly attached

to a worn fragment of Platastrcea Conyheari, on which it spreads,

and which it partly covers. Prom this the corallites spring in a

more or less upward and outward direction. Gemmation taking

place at the base of the corallites gives to them somewhat the

appearance of having been produced in pairs. They are prominent

and cylindrical, but a little enlarged at their calicular ends. Both

the corallites and the spaces between them have long, straight, and

regular, but not prominent costse, which extend from the margins of

the calices downwards to the attached part of the corallum.

The calices are circular and deep, and their margins are prominent

and thin. The septa are straight and project but little into the

calice. They are whoUy without denticulations, but those of the

first and second cycles have their ends much swollen, a good deal as

in the genus Scyphocoenia. Those of the first cycle are six in

number, and extend very nearly into the fossula, which is small,

circular, and distinct. The second cycle has septa which are very

nearly as long as those of the first, and the remaining cycle consists

of septa which are about three fourths the length of those of the

second cycle. These have very little prominence, and are without

the terminal swellings.

The full height of the corallum is about 9 lines. The diameter

of the corallites is 2 lines. One specimen only has been met with

;

it was taken by me from the coralliferous layer on Combe Down,
and was in near proximity to a specimen of Barysmilia Etalloni.

SCTPHOC(EinA ?

I have obtained a coral from Combe Down, where it was associ-

ated with Barysmilia Etalloni and Thamnocoenia oolitica, which
possesses some of the characters of Scyphocoenia, but differs from it

in one very important particular. It bears considerable resemblance

to Scyphocoenia ecccelsa, in the form and arrangement of the coral-

lites, but the latter do not remain attached to each other excepting

quite low down. The septa appear to resemble those of Scyphocoenia

excelsa, and there are a few strongly developed tabulae, as in that

species. The specimen is, however, too much injured to permit of

detailed description.
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The following table will show the relationship which exists

between some of the Oolitic Eusmilince which I have had occasion

to speak of in my several papers on Oolitic Madreporaria.
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Genus Bartsmilia.

I have long known Barysmilia as a Cretaceous genus in this

country ; but until quite recently was unaware of its presence in the

Oolitic formation either in England or elsewhere. Two examples
were, however, taken by me during the present year (1884) from
the coralliferous layer in the quarry on Combe Down, of which I

have given a section. So long ago as 1859 M. Etallon made known
the existence of three species of corals in the Corallian beds of the

Haut-Jura, attributable to the genus Bai^ypTiyllia of M. de Fromen-
tel *. That genus differs chiefly from Bcuysmilia in having denticu-

lated septa. At present I am unable to observe the least evidence

of denticulations on the septa of the specimens from Combe Down,
and am compelled, therefore, to refer them to the genus Barysmilia.

If, however, the specimens here mentioned have lost the denticula-

tions of their septa, which is very probable, the already acknow-
ledged Jurassic genus Baryjphyllia will have to be substituted for

Barysmilia.

Barysmilia Etalloni, n. sp. (Plate V. figs. 1-4.)

The corallum has an irregular subglobose form, a little higher than

wide, the lower part being peduncular and attached by a small base.

The whole of the peduncular part, as well as the space around and
between the calicos, is ornamented with costse, which are regular, long,

and anastomosing, and, near to the calicos, more or less papillated.

On the lower part of the corallum they are less distinct and nearly

smooth. In the bottom of the hollows, between the calicos, there

is sometimes a distinct line of demarcation between the costae sur-

rounding the several calicos, which has something of a herring-bone

arrangement.

The calices are rather distant, the intervals between them being

in all cases greater than their own diameter ; but they approximate

most nearly to each other on the top of the corallum. They are

extremely variable in length, and occur as a simple oval, shaped

like a figure 8, like the letter S, or like a more or less irregular

cross. The longest calico I have seen has a very serpentine form,

which, if straightened out, would have sufficient length to pass over

the whole of the corallum, from the base on the one side, in a line

over the top, to the base on the other side. The margins of the calices

are prominent ; they are rather deep, and the septa are thin, irre-

gularly developed, and continuous with the intercalicular costse.

In a simple ovoid calico I can determine about fifty septa, about

twelve of which, constituting the first and second cycles, pass into

the fossula, where they unite and form a very irregular but dense

columella, which in the long calices appears as a rugged but pro-

minent line of very variable thickness, which is continued the whole
length of the calico.

Stylosmilia beptaj^s, n. sp. (Plate Y. figs. 18-21.)

The corallum consists of short tufted masses, rarely exceeding an
* Etud. Paleont. Terr. Juras. Haut-Jura, p. 93.
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inch in heiglit, which are usually attached to some hard body, and
over which they spread, in a manner which is the result either of basal

gemmation, or of increase by means of stolons. Of several speci-

mens now before me^ one from Parley Down is attached to a weathered
fragment of Thamnastrcea, which it partly conceals ; and another,

from the Lime-kiln quarry near Cirencester, is parasitic on Convex-

astrcea Waltoni, over which it spreads.

The corallites are small at their attachment, rather crooked,

increase in size gradually, and attain to three fourths of their full

height before freely branching out. This they do irregularly, though
lateral gemmation apparently takes place about the same time in

the several coraUites. Once commenced, it proceeds with sufficient

rapidity to form a crowded mass of coraUites, the calicular extremi-

ties of which, however, have every degree of prominence, scarcely

any two being of exactly the same height.

The walls of the corallites are thick, but do not extend to the

margin of the calicos, and there is no appearance of epitheca, but
well-marked costse which blend with the septa pass down the coral-

lites, and become less distinct as they extend downwards.
The calices are circular and prominent, but there is a well-marked

fossula. The septa are exsert and are continuous outwardly with
the mural costae. The first two cycles are well developed and pass

into the columella ; the third cycle has very short septa, which are

scarcely a fourth of the length of those of the earlier cycles. The
columella is large, styliform, and with a pointed apex, but is not

very prominent.

Height of the coralLum about 9 lines ; diameter of the corallites

about one line.

A specimen from Earley Down indicates, by the manner in which
the corallites spread over the substance to which they are attached,

the possibility, almost the probability, of increase by means of stolons.

Some other examples, taken from the Lime-kiln quarry, Cirencester,

present precisely the same peculiarities.

Styxosmilia excelsa, n. sp. (Plate Y. figs. 9-12.)

The coraUum consists of a dense mass of slender corallites, and very

closely resembles those of Calamophyllia racUata, so closely, indeed,

that the two species have been confounded. On nearer examination

the corallites are seen to be a little less straight than in that species,

and rather more densely placed. There is no trace of the long

mural costae which characterize Calamopliyllia, the corallites appear-

ing to be quite smooth. The walls are thick, and the calices appear

to have been shallow, but none of them retain their margins. There

are about 12 septa, which are thin and not very regularly developed.

In some calices those of the third cycle join the older ones near to

the columella, but more frequently all of them run into the columella;

the latter is large and styliform. In some of the calices two opposite

septa are much thicker than the others, which is suggestive of fissi-

parity.

The only specimen I have seen is of considerable size, and was



FROM THE GREAT OOLITE. 181

taken from the coralliferous layer in the Combe-Down quarry by my
friend Mr. T. J. Slatter.

Genus Helioc(enia.

Heliocoenia, Etallon, Etud. Paleont. Terr. Jurass. Haut-Jura,

p. 74 (1859).

Placocoenia, d'Orb. ?

M. d'Orbigny formed the genus Placoccenia from a cast of a coral

somewhat like Stylina, but differing from it in having a lamellar

columella. His description is very brief, and the genus is not suffi-

ciently particularized for adoption, though there is some probability

that the subsequently created genus Heliocoenia is identical with it.

The want of figures to illustrate Etallon's descriptions of Heliocce-

nice has been supplied by M. Koby, in his fine work on the Jurassic

corals of Switzerland*. Eive species are therein figured, one of

which, Heliocoenia costidata, Koby, has a small, styliform columella

and appears to me to differ so much from the others as to be doubt-
fully referable to the same genus,

M. de Eromentel, while acknowledging the genus Placocoenia of

M. d'Orbigny, does not admit Heliocoenia, but has created a very
closely allied genus, Stylohelia. This latter has been merged into

Heliocoenia by M. Koby.
Prof. Duncan, while ledudiig Heliocoenia to the rank of a subgenus,

has placed it in his " Alliance Styloida" t, immediately following

Stylina. The genus Placocoenia^ which I have supposed to be identical

with Heliocoenia^ he introduces into another " alliance," which he
designates " Placocoenoida." Further, he separates the genus Stylo-

helia entirely from the foregoing, and associates it, with EnalloTielia

and Dendrohelia, in the family OctrLiifiD^.

In direct coatrast to the views of Prof. Duncan, M. Koby unites

Stylohelia and Heliocoenia in one genus, giving the latter name the

preference on account of its priority. With specimens of Stylohelia

mamillata before me, which I have received from the Corallian of the

Haute-Saone, I feel no hesitation in associating the genus Stylohelia

with Stylina and other allied genera, but fail to observe any alliance

whatever with the Oculhstid^.

Helioccei^ia oolitica, n. sp. (Plate Y. figs. 15-17.)

The corallum has a somewhat peduncular form, with an irregu-

larly flat but not overhanging top. The calicos are very unequally

distributed over the whole corallum, but are very thinly scattered on
the peduncular portion. On the top they are thinly placed, excepting

where gemmation has taken place most recently, where they are

rather crowded. They have not much prominence, and the interca-

licular costae, which are of nearly equal size, meet, but end abruptly

in the middle of the intercalicular spaces.

The septa are exsert, and they and the costse, with which they are

* Monogr. Polyp. Jurass. de la Suisse, p. 63 (1881).

t " Eevision of Families and Genera," see pages 45, 110, and 197.
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continuous, nearly conceal the wall, much as in unworn calices of

Gonvexastrcea. Those of the first cycle extend towards the centre

of the calice, and have a slight swelling at their inner end. The
septa of the second cycle are half the length of those of the first,

while those of the third are half the length of the second.

The lamellar columella has very little prominence, and is so placed

between two opposite septa of the first cycle as to fill up the space

between them so closely that, when the calices are worn down, the

whole becomes a continuous and straight line across the calice,

dividing it in half. Both septa and septal costse have their margins
distinctly crenulated, the crenulations being small, pointed, and
irregular. Their sides also are furnished with coarse irregular

granulations, which are also observable in the spaces between them.

Height of the corallum 1 inch 6 lines ; the diameter is about the

same, and the calices are about 1 line in diameter. The spaces between
the calices considerably exceed the diameter of the latter, excepting

in one or two crowded spots.

Excepting the single example from Farley Down, I have not

examined a species representing this genus.

Genus Convexaste^a, d'Orb.

As Conveocastrcea Waltoni, our only representative of the genus,

was described from specimens collected by the late Mr. Walton at

the Hampton Kocks near Bath, it is, perhaps, desirable that I should

state that I have compared specimens from that locality with others

from the coralline deposits in the Great Oolite of Oxfordshire, and
find them to be in all respects similar.

The differences between Conveocastrcea and Cryptocoenia have been

recently defined with great clearness by M. Koby in his work on the

' Jurassic Corals of Switzerland,' now in course of publication. He
observes that the former differs from the latter in having the septal

costse less numerous, rarely confluent, and not completely concealing

the intercalicular spaces.

Genus Montlivaltia, Lamx.

I have often met, in the Great Oolite, with a supposed Montlivaltia

which is characterized by a stunted form, a naked costulated wall,

and rather a small number of very thin septa. The fossula is elon-

gated, much as in Montlivaltia caryophytlata. The mural costae are

rather far apart, and have a prominence according to the order of

the septa they represent. They are wholly without tubercles or

papillae, and if their smooth and rounded form may be taken as any

indication of the nature of the margins of the septa, the latter may
also have been smooth. In that case it could not be placed in the

genus Montlivaltia. It occurs in the Great Oolite of the Eollright

and Stonesfield railway-cuttings, in the Caps-Lodge and Milton

quarries, and I have a specimen taken from the coral-bed on Combe
Down. From none of these places have I obtained well-preserved

specimens.
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Genus Adelastr^a, Reuss.

An objection was some time since raised by Eeuss to the use of

the unclassical name Confusastrcea^ and attention having been called

to this by Prof. Duncan, it must now be abandoned. Adelastrcea,

the name applied by Reuss to a species from the Cretaceous beds of

Gosau, will now take its place, and Confusastrcea consohri7ia, Con-

fusastrcea tenuistriata, and Confusastrcea magnifica, which I have

introduced into our coral-fauna, must now be called Adelastrcea con-

sobrina^ Adelastrcea tenuistriata, and Adelastrcea magnijlca. Three

other species which occur in the Great OoHte of the Boulonnais, one

of which has been lately described by me under the name of Gonfus-

astrcea Bigauxi, are now also to be referred to the genus Adelastrcea.

Some very large specimens of a coral appertaining to the genus

occur in the Great-Oolite quarry near Great Milton, and some of

less dimensions have been taken from the Caps-Lodge quarry ; but

whether they are distinct from Adelastrcea magnifica, to which they

bear considerable resemblance, I have not yet been able to deter-

mine.

Genus Platastr^a, n. g.

Clausccstrcea, Milne-Edw. and Haime, in part.

The genus Clausastrcea is one of those in which there is ample scope

for diversity of opinion, for it has been placed among the Astreidce,

among the now discarded Tabidata, and in the newly proposed half-

way group designated Plesiofungidce. It is now, however, evident

that two very distinct forms have been confounded under the name of

Clausastrcea. In specimens of Clausastrcea duhia and Clausastrcea

Edwardsi, with which I have been favoured by M. de Promentel,

there are, as mentioned by him in the description of the species *,

very distinct and numerous tabulae, arranged one above the other

with great regularity, and extending on the same level across the

corallum. They have been observed and figured in another species

by M. Etallon, in which the ' same distribution and form are

obvious f.

The other form is represented by two English species, one of

which, from the Great Oolite of Combe Down, Bath, has been de-

scribed by MM. Milne-Edwards and Haime under the name of

Clausastrcea Pratti. The endotheca of this species they describe in

the following words :
—" The loculi are closed by well-formed and

rather numerous dissepiments." In the figure which accompanies

the description these are shown %. In weathered specimens from

Combe Down, now before me, the nature of these dissepiments is

very apparent. They are obviously quite unlike tabulae.

Under the impression that the so-called Clausastrcea Pratti has

an essential columella, the original describers transferred it to the

genus Plerastrcea, in which genus it appears in their general work
on corals. But from the examination of a number of specimens

* Introd. Etude Pol. foss. p. 281. t Leth. Bvuntr. pi. Ivii. fig. 5.

I Brit. Foss. Cor. pt. ii. pi. xxii. fig. 5.
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from Combe Down, I am convinced tliat tlie supposed colnmella

does not exist in anj of them, and that, as I shall presently show,
they are identical with the Isastrcea Conyheari of the same authors,

fi'om the same locality. In fact the supposed columella is nothing

more than the blending together of the inner margins of the septa,

which takes place in a very uncertain manner quite low down in

the corallites, and becomes visible only when the corallum is much
worn down. It was from such a worn specimen that the figure of

WSL. Milne-Edwards and Haime was taken. With the full conviction

therefore that the Coombe-Down coral cannot consistently be placed

either in Clausastrcea or FUrastrcea, I have created a genus for its

reception which I define as follows :

—

The corallum is massive and more or less globular. The calices

are large and shallow ; there is no wall surrounding the corallites, and
the septa of one calice meet and unite with those of the adjoining

ones. They are not numerous, and are strongly denticulated.

There is no columella. The dissepiments are very numerous, com-
pletely filling up the loculi. They are well developed and strongly

arched.

Plataste^a Co>^teeaei, M.-Edw. and Haime, sp.

Isastrcea Conyheari, M.-Edw. and Haime, Brit. Poss. Cor. pi. ii.

p. 113, pi. xxii. fig. 4 (1851).

Olausastrcea Pratti, M.-Edw. and Haime, Brit. Eos. Cor. pi. ii.

p. 117, pi. xxii. fig. 5 (1851).

All the specimens recently collected at Combe Down may be re-

ferred either to Clau^astrcea Pratti or to Isastrcea Conyheari, according

to the condition of the specimen examined. In its normal form

this species is more or less globose, and in such specimens, when
not too much worn, the calices have much the form and appearance

of those of Isastrcea Conyheari, But frequently the corallum has

departed from this regularity of outline, and the departure has been

accompanied by a corresponding irregularity in the form of the

calices, and in the degree of development of the septa where they

meet in the fossula. Such specimens, if much worn, present all the

appearance of Clausastrcea Pratti ; and indeed the characteristics of

both the supposed species may sometimes be observed on different

parts of the same coraUum.

OoxiocoEA, sp.

I have met with a single specimen referable to this genus, which

in size, mode of growth, and so far as can be seen in its calicular

characters, bears some resemblance to Goniocora socialis. It is too

much overgrown with Bryozoa to permit examination of the mural

costse, and the septa are only visible when the ends of the coraUites

are broken off. It has very thick walls, and thin and straight septa.

The first cycle of septa extends almost to the centre of the calice,

the secondary ones are three fourths the length of the primaries,

and the tertiary septa are rudimentary.

The specimen here mentioned was obtained by me at Parley
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Down, and the existence of the genus Goniocora there establishes

its distribution through nearly the whole of the English Oolites.

It has now been met with near to the bottom of the Inferior Oolite

at Crickley, in the Great Oolite of Parley Down, and in the Coral

Bag at Steeple Ashton and other places.

DiMOEPHASTRJEA EuiTGiFOiiMis, H. sp. (Plate Y. figs. 22, 23.)

I have obtained from the coral-bed of Combe Down several corals

of a species which, as I fail to detect pores in the septa, is here

placed in the genus DimorpTiastrcea. It has a pedunculate form

with an overhanging rounded fungiform top, the upper surface of

which is convex. The peduncular part is short, and the expanded

top has a thin and slightly lobed outer edge.

The peduncle has regular and straight costse, which are similar in

size to the septal costse near the outer part of the corallum, but

smaller than those around the central calice.

The central calice is large and prominent, but is centrally

depressed, somewhat like the calicos of Crateroseris and Adelastrcea.

The smaller calices are about twelve in number, and are arranged

somewhat symmetrically around the larger one, and, like it, are

prominent, with a depressed centre. About one hundred septa

enter into the composition of the central calice, and about half the

number are observed in the smaller ones. In all the calices the

septa anastomose very near to the fossula, but not anywhere else;

and none of the septal costse anastomose, excepting quite at the

outer margin of the coraUum, and then only sparingly. The septa

are rather stout, regular, parallel ; and the loculi have the same
breadth as the septa themselves. The edges of the septa and the

septal costse have regular and rounded tubercles, much as in Cra-

teroseris.

Height of the corallum about 1 inch.

Diameter of the corallum about 1 inch 4 lines.

The present species bears some resemblance to DimorphastrcBci

helianthus, Becker, from the Corallian of Nattheim, in so far as

the stoutness of the septa and septal costas is concerned, but differs

wholly from that species in general form, in the shape and arrange-

ment of the calices, and in the absence of anastomosing septal

costse.

At present I am unable to state whether the septa are perforate

or not, nor can I speak of the synapticulse, excepting to say that

they are present.

Genus Comoseris, d'Orb.

In his recently published " Revision of the Families and Genera of

Sclerodermic Zoantharia," Prof. Duncan takes exception to my state-

ment that no very near relationship exists between Comoseris and
Oroseris ; and after stating that there is no wall either surrounding
the calices or in the collines of the former genus, ho asserts that I
have " misunderstood the diagnoses of the genera, for it must
appear, on reading them, that Oroseris can hardly stand as a genus
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distinct from Comoseris. TJie only distinction is the length of the

ridges hounding the calicinal valleys." Prom this concluding state-

ment, which is here printed in italics by me, I feel myself compelled

to express a most unqualified dissent. Wishing, however, to make a

more critical examination of the ridges of the calicular surface of

Comoseris., with a view to the determination of the question whether
they have walls or not, I have made careful examination of a great

many specimens of Comoseris irradians, from the Corallian of Steeple

Ashton and the Boulonnais, and of Comoseris vermicularis from the

Great Oolite of the neighbourhood of Bath. The results of this

renewed examination I will now proceed to give, premising that

the time and trouble will not be wasted which places on a sounder

footing our knowledge of the forms now under consideration.

The most superficial observation of well-preserved specimens of

Comoseris irradians will afford sufficient evidence of the distinctness

of the ridges or collines which divide the upper surface of the corallum

into segments. When compared with the intervening calicular sur-

face these collines (PL Y. fig. 24) have a character of their own,
quite independently of the calicos, and are clothed with costae, very

little resembling the septal costae in connection with the calicos.

For instance, on some of the collines the costae on the one side do not

correspond with those on the other side, but alternate with them,

just as do the septa of contiguous calicos of many compound corals,

such as those ofsome species of /sas^rtra, and they are consequentlyvery

suggestive of a concealed wall. Accordingly, in worn specimens a

very distinct and continuous line is sometimes observable, simulating

a true wall ; but sometimes it has a serrated or zigzag course, and
then presents so much the appearance of the inflected walls between
the lobes of Phyllogyra as to suggest a similarity of origin. With-
out entering further into the question of the nature of the wall

observable in the collines of Comoseris, I may venture to assert that

no such wall, whatever may be its nature, exists in Oroseris. To
this I shall again refer. I may add, as characteristic of the genus

Comoseris., that the calices are scattered over the surface between
the ridges, and never developed in lines as thej'^ commonly are in

Oroseris. Sometimes the collines are very frequent, and there is

only space for one row of calices between them. But when the

former widen out, the calices spread out also, and the uniformity

of the line is broken. This is very observable in both Comoseris

irradians and Comoseris vermicularis (PI. Y. fig. 25).

Fortunately for the examination of the genus Oroseris there is a

species commonly occurring in the Great Oolite of Bath, which,

when rubbed down, shows the structure of the calices very satis-

factorily. In this species the calices are so near together in the

lines, and the lines themselves have so much of a radiate direction,

that they can only have been the result of direct gemmation from

the inner calices outwards, without the interposition of septal costas.

The so-called ridges laterally bounding the lines of calices are really

nothing more than ordinary septal costae, such as are visible between

the calices of many species of Thamnastrcea. The Thamnastrcea
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media of Eeuss, from the Cretaceous deposits of Gosau, is a good

illustration of this. When the corallum of Orosens has been ground

down and polished, the intimate connection of the calicos with the

costae forming the supposed ridges becomes even more evident, and

the importance of the successive development of the calicos in lines

still more obvious.

CoMosERTs vERMicuLARis, M.-Edw.aud Haime, Brit. Foss. Cor. p. 122.

Meandrina vermicularis, M'Coy, Ann. & Mag. Nat. Hist. ser. ii.

vol. ii. p. 402.

Several very small examples of this species, associated with

larger ones, have been met with on Parley Down, which have a

very leaf-like form with a thin edge. On these the ridges are

especially pronounced, and the costse, which meet on their line of

greater prominence, are rarely continuous.

Oroseris Slatteri, Tomes.

A considerable number of specimens of a species of Oroseris,

which, though varj'ing extremely in form, may nevertheless be

referred to the above species, have been met with at Combe Down,
Hampton Down, and Farley Down. Those on Hampton Down are

in large blocks of stone, and are of great size, but they are very ill-

preserved. The Farley-Down specimens are, however, in a far

better condition, and as they occur of all sizes, they furnish a good

opportunity of studying the successive periods of growth, and illus-

trate the particular mode of increase of the genus. Young examples

are simple, and usually, but not invariably, turbinate. The calice

is circular and not very deep. At this period they greatly resemble

Thecoseris. At a more advanced stage the calice has become elon-

gate, and it has two or three calicos in a line. But it still retains

its turbinate form, though it speedily afterwards departs from the

upward mode of growth and spreads out in all directions, eventually

attaining to a great size and undefinable form.

I am in complete ignorance of the early form and mode of growth
of such species of Oroseris as are broadly attached or incrusting,

but I may venture to record my conviction that none of them ex-

hibit the same method of growth as Comoseris,

GeAus Trictcloseris, Tomes.

M. Pratz, in his very valuable paper on the Fungidae, published

in the 29th volume of the ' Palseontographica ' (1882), suggests that

the specimen from which I drew up my description of the genus

may be nothing more than a young example of a species apper-

taining to some other genus. Of the more recently described

species from the Great Oolite of Fairford, Tricydoseris Umax, he
entertains the same opinion, and informs me that there are many
examples in the museum at Munich which have considerable re-

semblance to the specimens I have figured. When drawing up the

description of Tricydoseris Umax I made use of many young sped-
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mens of Thamnastrcea, both of Great-Oolite and Inferior-Oolite

species, for comparison, but did not in any instance meet with an
example having a single row of calices surrounded by long septal

costae. I may confidently state that Tricydoseris Umax is not the

young form of any English species of Thamnastrcea, though I cannot
at present be sure that it is not the young of an Oroseris. However,
as I know of no «pecies of the latter genus to which it can be re-

ferred, I must, for the present at any rate, regard it as a distinct

genus, but will omit no opportunity of investigating more fully the

several periods of growth of the last-named genus.

MiCEOSoLENA EXCELSA, M.-Edw. & Haimc.

The specimens from which MM. Milne-Edwards and Haime took
their description of this species were found in the Great Oolite near
Bath, and formed part of Mr. Walton's collection. Some years since

I was favoured by that gentleman with specimens from Earley Down,
and was at the same time informed by him that all his specimens

had been taken from that locahty. During the present year (1884)
I was conducted to the spot by the Eev. H. H. Winwood, when I

made the following note of its occurrence there.

Although fragments may be found scattered all through the coral-

bed, it is only at two very restricted and not very distant spots that

this species is abundant. It is there found in a softish white layer

which is overlain by a bed of hard stone. To the under side of the

latter the coral appears to be attached by a rather small base, from
which it ramifies in every direction downwards, and forms a thick

rounded bush which attains to a height of as much as a foot and a

half. The peculiar position of these bush-shaped masses, bottom
upwards, would seem to indicate that the whole of the beds had
tumbled over and reversed the position of the corals, a conclusion

not however borne out by the presence, in place, of the regularly

bedded compact Bathstone immediately beneath, which was at one

time worked at that place, and is still well exposed.

I have examined several specimens of this species from the rail-

way-cutting near Stonesfield, which are worthy of mention. They
are attached to worn specimens of Thamnastra^a Lyelli, are small

in size, and have a pyramidal or subconical form, with a large

apical calice, and an irregular ring of smaller ones near the base,

just as in the genus Ge7iabacia. At this period of their growth
they might be referred to an attached species of that genus, such as

Genahacia Sancti-mihieli of MM. Milne-Edwards and Haime. But
other examples of rather more advanced growth have a less regular

form, and a greater number of lateral calices, while the earlier-formed

ones, near to the terminal calice, have increased visibly in size, and

do not differ much in this respect from it. I would suggest the

probability of the Genahacia Sancti-mihieli being merely the early

period of growth of some dendroid species of Thamnastrcea.

In addition to the foregoing there are several species which are

represented by such unsatisfactory specimens that they cannot be
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placed even generically. I may allude, however, to one which has a

dendroid growth, a thick and wrinkled epitheca, increase by lateral

gemmation, and denticulated septa which pass into a central mass
which has something the appearance of a papillose columella.

CoNCLTJSioir.

The beds of massive and nearly unfossiiiferous building-stone

around Bath indicate a period of continuous deposition which was
inconsistent with coralline growth. At the conclusion of this

period, when there was a pause, the condition became so far

favourable as to be productive of coralline life, and in considerable

variety and plenty.

The coral-beds exposed on the Farley and Hampton Downs con-

sist of a whitish mudstone, in which the corals are imbedded, many
of them showing, by their incrusting and delicate Bryozoa and
Serpulae, perfect in their details, that they lived and died where they

are now found. Such has been the case with some of the tall

dendroid examples of Microsolena exceha^ which, attaining to a

height of a foot and a half, and having a bush-like form, may still

be seen in the Farley-Down section attached to the substance on
which they grew when the sea of the Great Oolite washed over

them. It is probable that the coral-beds of these localities, like

other oolitic ones, were not of great extent ; for on Combe Down
other conditions prevail. The coral-bed there, though holding the

same position, presents a very different appearance. The corals are

scattered in it in varying degrees of abundance. It is distinctly

oolitic, and does not afford the least evidence of having been
the place of growth of the corals. On the contrary, they have
much the aspect of derived fossils. Yet this bed, from its strati-

graphical position, and from the number of corals it contains, is

evidently of the same age as those of .Farley and Hampton Downs,
and may perhaps have been the result of a wash from some near

coral-bank.

Correlated with the coralliferous deposits of the Great Oolite of

Oxfordshire, those around Bath probably correspond with the one
exposed at Caps Lodge, near Burford. At that place, and on
Farley Down, are patches of Forest Marble which overlie the coral-

beds and appear to hold nearly the same position in relation to them
at both those places. Hence the probability of their being on the

same geological level.

From the frequency of sponges associated with corals in the Butts

Quarry, Hampton Down, and at Farley Down, it is probable that

Mr. Moore's sponge-bed at Hampton Eocks is the equivalent of the

lower part of the coral-bed, which at that place contains more
sponges and fewer corals.

Of the probable age of the coralline deposit in the Lime-kiln

Quarry, near Cirencester, I can say nothing.

Q.J.G.S. iS"o. 162. p
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EXPLAJ^^ATION OF PLATE Y.

Fig. 1. Barysmilia Etalloni : the corallum, natural size.

2. : another specimen, natural size.

3. '— : some costse, magnified, showing their ramification.

4. : a few costag, much magnified.

5. Thamiwcoenia ooUtica -. the corallum, natural size.

6. : a part of the corallum, magnified, showing its attachment
to a foreign body.

7. : some of the axillary costse, magnified.

8. : a calice, greatly magnified, and one side cut away to show
the septa.

9. Stylosmilia excelsa : part of a corallum, natural size.

10. : a portion of the calicular surface, magnified about two
diameters.

11. : a worn calice, considerably magnified.

12. : an unworn calice, considerably magnified.

13. Enallohelia socialis : a portion of the overhanging consolidated upper
surface of the corallum, natural size.

14. : part of a lateral coralLite, with a calice, much magnified.

15. Helioccenia oolitica : the corallum, natural size.

16. : a young calice before becoming prominent.
17. : a worn calice, showing the lamellar columella.

18. Stylosmilia reptans: a young corallum, natural size, attached to a
ThamnastrcBa.

19. : a portion of another specimen, much magnified.

20. : a worn calice, magnified.

21. : another cahce on the same specimen, having very irre-

gularly developed septa.

22. Dimorphastrcsa fvAigiformis : the corallum, natural size.

23. : the calicular surface, natural size.

24. Comoseris irradians : portion of a colline of a weathered specimen from
Steeple Ashton, magnified, and showing the supposed wall.

25. vermicularis : portion of a colline of a worn example from the

Great Oolite of Farley Down, Bath, magnified.

DlSCTJSSIOIf.

Dr. HiNEE expressed Ms sense of the value of the researches of

Mr. Tomes on the distribution of corals in the Jurassic rocks ; but

expressed his regret that the specimens described were not laid on
tlie table for the inspection of the Fellows of the Society.
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23. Sketch of the Geology of New Zealand. By Captain F. W.
HuTTON, P.G.S., Professor of Biology in the Canterbury College,

University of New Zealand. (Eead January 14, 1885.)
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Inteoduction.

Size for size there are few places in the world where such a variety

of geological phenomena are gathered together as in New Zealand.

Sedimentary rocks are represented of nearly all ages, from Archaean

upwards, and all hut the lowest have yielded fossils, in some places

abundantly. We have metamorphic and eruptive rocks of nearly

all kinds. We have volcanic cones of all sizes, from low hills to

Euapehu *, more than 9000 feet in height ; and we have them in

all stages of degradation, from mere stumps to fresh scoria-cones,

and one, Tongariro* , still active. We have also solfataras and mud
volcanoes, fumaroles, geysers, and hot springs in abundance. We
have a mountain range with an alpine structure, and with glaciers

and glacier lakes almost equalling those of Europe. But one thing

is missing,—there are no Eed Sandstones, either with or without salt

and gypsum, and no magnesian limestones. New Zealand appears

never to have been the site of great lacustrine deposits. In ad-

dition to all these advantages our geographical position is one

of great interest. It is in New Zealand alone that we have any
record of the ancient floras and faunas that overspread the South
Pacific ; and it is here we must look for evidence of the changes

that have taken place in the physical geography and climate of this

enormous area. Situated at the antipodes of Europe, any change
of climate, brought about by shifting in position of the earth's axis,

* In all names of Maori origin pronounce the vowels as in Italian.

p2
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by changes in the obliquity of the ecliptic, or by any purely cosmical

cause -whatever, must find its parallel in New Zealand, and, con-

sequently, New Zealand is to Europe a base of verification for all

such-like hypotheses.

The geology of New Zealand has been studied for the last twenty-
five years, and a great deal is known about it. Yaluable memoirs
on various detached districts will be found in the ' Quarterly Jcurnal,'^

in Dr. Hochstetter's works, in the ' Transactions of the New Zea-

land Institute,' and in the records of the geological survey's of the

colony. In the official 'Handbook of New Zealand' (2nd ed.,

"Wellington, 1883), Dr. Hector has given a geological map of the

island, and an excellent summary of the distribution of the different

formations and their principal fossil contents : but, up to the pre-

sent, no one has attempted to describe the geology of New Zealand

as a whole. I have therefore thought that, as during the last

eighteen years I have travelled over the greater part of both the

North and South Islands, from the Bay of Islands to Foveaux
Straits, it might be useful to offer to the Society a slight sketch of

the general geological structure of the country.

Tor those places which I have not personally examined I have

used the observations of others ; but in all such cases I have given

my authority and a reference to the publication in which it will

be found. Several of the opinions expressed are not universally

agreed to by other New-Zealand geologists. I merely state my
own views, which may be wrong, but which have been arrived at by
a long and conscientious study of New-Zealand geology. The chief

point of difference between the Survey and myself, I have already

discussed in a paper which I have had the honour to submit to the

Society*. On this point I have always followed Dr. von Hochstetter,

and have never consented to the removal of the Aotea series and

the brown coals of the ^'aikato from the Oligocene into the Cretaceo-

Tertiary formation of Dr. Hector, where they are grouped with the

Saurian beds of the Waipara, and with the Coal-measures of Pakawau,
near Nelson. The other points of difference are of minor impor-

tance ; and I have not thought it advisable to discuss them here, as

discussion would be out of place in a mere sketch like the present.

GKOTJPDfG OF THE EoCKS.

The geology of a district can be studied quite irrespective of any

other part of the world. We can group its rocks by means of un-

conformities (stratigraphical and palaeontological) into systems and

series, and after having made out its geological history, we can com-

pare it with that of other parts of the world by endeavouring to

refer the systems and series to their probable equivalents in Europe.

On the other hand, we may commence by trying to refer the rocks

of the district to their European equivalents, and refrain from

giving names to the local systems. The first plan has been adopted

* " On the Geological Position of the Weka-pass Stone." Eead 25th June,

1884, but not yet published.
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by Dr. von Haast and by myself ; but Dr. Hector prefers the second

for the larger groups, giving local names only to the series. Of

course there is no real difference between the two methods, it is

merely a question of nomenclature ; but in a district so far from

Europe as is New Zealand, the second plan must for many years be

more or less uncertain, and constantly liable to change as our palse-

ontological knowledge increases ; and different geologists may call

the same group of rocks by different names. The first plan is not

open to this objection, and is, indeed, the same as that necessarily

employed in Europe. As geological investigation advances, other

systems and series may have to be added ; but those that are once

generally accepted remain for all time.

It is on this first plan, therefore, that I propose to group our

rocks ; but as the method has as yet been applied only to separate

districts, many of the names used are synonymous, and it becomes
necessary to introduce a modified scheme applicable to the whole
of New Zealand. This I have attempted to do, and will state the

considerations that have guided me in drawing it up. In the first

place the names of the systems and series should be geographical,

and taken from the most typical districts, where the rocks are best

developed and contain the most fossils ; but names already in pretty

general use should not be altered, althongh some other locality

might logically furnish a better name. In the second place the

names of the systems and of the series should be of Maori origin,

in order that they may be characteristic, and may convey to geo-

logists in all parts of the world the idea that they belong to New
Zealand. In the third place, priority in nomenclature should be

allowed considerable weight. The following Table shows the ar-

rangement I propose. The right-hand column gives the probable

European equivalent, that is the probable age ; but it must be under-

stood that this is merely provisional and constantly liable to change.

I have introduced among the systems two new names—Hokanui
and Takaka, each of which represents a natural group of rocks to

which no collective name has previously been applied ; and yet names
are necessary, for in many parts of New Zealand we can refer rocks

to one or other of these systems, and yet, in the absence of fossils,

it is impossible to say to which series they belong. The grouping

of the Tertiary rocks is founded on that given in a former commu-
nication to the Society *, but it includes modifications subsequently

made.

* " Synopsis of the younger Formations of New Zealand." Quart. Journ.

Geol. Soc. vol. xxix. p. 372.
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Table of Sedimentary Formations in New Zealand.

Recent. \

Pleistocene. \

Wanganiii
System.

Paredra
J

System. ]

Oamaru
System.

Waipara
System.

Hokanui
System.

Maitai /
System. \

Takaka
System.

Manapouri
System.

Series.

Alluvia and JEolian deposits witli Moa-
bones and traces of Man.

Raised-beaches and Shore-deposits.

Peat-mosses with Moa-bones.

Kereru Series.

Ormond Series.

Petane Series,

Piitiki Series.

Older Glacial deposits.

Lignites of Otago, Manukau, &c.

Awatere Series.

Kanleri Series.

Tawhiti Series.

Ahuriri Series.

Waitemata Series.

Brown Coal of Pomahaka, &c.

Mt. Brown Series.

Aotea Series.

Ototara Series.

Turangamii Series.

Coals of Waikato, Kaitangata, &c.

Amiiri Series.

Awaniii Series (?).

Matakea Series.

Coals of Greymouth, Pakawau, &c.

Mataura Series:

fPutataka Series.

J Flaghill Series,

1 Catlin's River Series,

l_Bastion Series.

Wairoa Series.
^/^^^P^'-i^^^^^^-

Kaihiku Series.
I Oreti Series.

Rimutaka Series.

Te Anau Series (?).

-r, , • o • f KakamM Series,
Baton-riTerSeries=

(^^jj^^o g^ie,.

Riwaka Series.

Probable age.

I Recent,

l Pleistocene.

I Newer Pliocene,

I Older Pliocene.

• Miocene.

' Oligocene.

Upper Cretaceous

V Lower Jurassic.

I Triassic.

1- Carboniferous.

Silurian.

Ordoyician.

Archaean.

General Geological Sthucttjee.

In the South Island the New-Zealand Alps, dividing Canterbury

from Westland, form a narrow range, which rises in Mt. Cook or

Aorangi to an altitude of 12,349 feet. To the north and to the
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south the mountains bulge out, somewhat in the shape of a dumb-
bell, the handle being bordered on the west by the plains of West-
land, and on the east by the plains of Canterbury. The southern
end of the dumbbell is also notched by the plains of Southland.
The mountains are formed by a main anticlinal curve (fig. 1, a a)
running from the neighbourhood of Lake Wanaka, in Ota'go, in a
north-easterly direction to Tasman's Bay, and forming the ge-anti-
clinal of New Zealand. The greater part of the west side of this
anticlinal has been removed by denudation in Westland, so that the

Fig. 1.

—

The South Island ofMw Zealand.

|::/:-| Plains.

Anticlinals

Synclinals.

— Fatilt.

X Mt'Cook.

ridge of the Alps no longer coincides with the axis of the curve, but

forms part of its south-easterly face. On the Canterbury side the

rocks are thrown into three broad synclines (fig. 1, 6, c, cZ), sepa-

rated by two anticlines (fig. 1, e, f) running more or less at right

angles to the main anticKne. The most southerly of these syn-

clines (6) goes from the neighbourhood of Palmerston, in Otago, in

a northerly direction to Lake Pukaki ; the second (c) from the

Gawler Downs, in South Canterburj^ in a westerly direction to the

junction of the Havelock and Clyde rivers, in the Upper Pangitata
;

the third (d) runs from Waiau in a northerly direction to the

neighbourhood of the Wairau Gorge, in ITelson Province. The
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secondarj' anticline (e) runs from Hunters Hills, in South Canterbury,

northerly to the Two Thumb range, dipping to the north. Mt. Cook
is placed at the point where the synclines 6 and c and the anticline e

meet (fig. 1, x ). The anticline / runs from the gorge of the Ashley
in a westerly direction. In Otago the main anticline turns sharply

to the south, dipping slightly in that direction, and on its westei'ly

slope a synchne (fig. 1, g) runs from the Greenstone E,iver, west of

Lake Wakatipu, through the Hokamii Mountains to Catlin's Eiver,

following with considerable exactness the direction of the Otago
anticline. In the northern part of the South Island the main anti-

cline, turning more to the north, runs out at Tasman's Bay, and is

flanked on the north-west by a syncline (h) passing through
Snowdon and the Anatoki Mountains to Golden Bay ; and on the

south-east by another syncline (i) near IS'elson, followed by an
anticline (k) which runs from the neighbourhood of Top-house
in a north-easterly direction through Picton and Queen Charlotte

Sounds.

All the sedimentary rocks, up to the Hokanui System inclusive,

partake in these flexures. The Waipara System is also, to some ex-

tent, involved in Otago and Nelson ; while the rocks of the Oamaru
and younger systems either retain their original plane of deposition

or are occasionally locally disturbed. These last occupy, for the

most part, valleys, or wrap round spurs of the older rocks. A
large fault (fig. 1, m) occurs in the west part of Otago, running in

a nearly north and south direction through Lake Te Anau, and
throwing up the Manapouri System to the west*. ISTo clear evi-

dence of the age of this " Te Anau fault " has as yet been obtained,

as the junction between the Manapouri and Maitai Systems has not

been closely studied ; but it appears to have been formed before the

deposition of the Maitai System.
The North Island is very difierent. A narrow ridge, rising in

the Kaimanawa Kange, east of Lake Taupo, to 5000 feet or more,

runs from Wellington in a north-easterly direction, to near the

East Cape, attaining here also, in Hikurangi, a height of 5500 feet.

It is bordered on the south-east by hilly country, occasionally

attaining nearly to the altitude of the main range, and on the north-

west by country which is broken, but generally low, with the ex-

ception of three great volcanic cones—Mt. Egmont (8280), Euapehu
(9195), and Tongariro (6500)—near the central part of the island.

The rocks also differ much from those of the South Island. The
crystalline schists of the Takaka System, which are so conspicuous

on the south side of Cook's Straits, suddenly disappear and are quite

unknown in the north. The main range is formed by rocks belong-

ing to the Maitai and Hokanui Systems, smothered on each side by
Tertiary beds, through which rise, at intervals, throughout the Auck-
land Province, isolated ridges and peaks of the older Maitais and
Hokanuis.

This sudden change at Cook's Straits strongly suggests the

presence of a fault with the upthrow to the south, although it is

* ' Geology of Otago/ p. 23, Dunedin : 1875.
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not possible to prove its existence. The rocks of the Oamaru and

younger systems are found at nearly equal elevations on both

islands ; but are higher in the central part of the Xorth Island than

elsewhere. On the contrary, the rocks of the Waipara and older

systems go to considerably greater heights in the South than in the

!N'orth Island, consequently the " Cook's Strait fault," if it exists,

was probably formed in the interval between the deposition of the

Waipara and Oamaru Systems, the downthrow being to the

north.

Rocks belonging to the Hokaniii System are found on the eastern

side of the Maitais in the Euahine range in Wellington, and in the

Eaukamara range near the East Cape. In the Kawhia and Eaglan
districts, in the Auckland Province, they lie on the western side of

the Maitais. So probably the ge-anticlinal of the South Island runs

through the centre of the North Island from Wanganui to the Bay
of Plenty.

All the rock systems, up to the Hokaniii inclusive, have much
the same lithological characters throughout New Zealand, and can

be broken up into series, which are chronologically distinct. They
may be called " continental formations," that is, rocks formed on
the shore of a continent with large rivers. All the rock systems

above the Hokanuis are, on the contrary, very variable in litho-

logical character in different localities, even when not far apart

;

the only exceptions being a few limestones, probably the relics of

coral reefs. These may be considered as " insular formations," that

is, as having been deposited round the margin of islands, from
which ran no great rivers. It is impossible, at any rate at present,

to divide these latter systems into series which are in all cases

chronologically distinct. The series here are geographical, and over-

lap each other ; but I have to some extent indicated their probable

relations, in the table of formations.

Ei'upiive rocks cover but a small area in the South Island. Iso-

lated exposures of granite occur along the ge-anticlinal axis from
Paringa Eiver in Westland to Lake Eotoiti in jSTelson, and in a few
other places west of the axis, the largest area being in the south-

west of Otago, at Preservation and Chalky Sounds. On the east

there are a few patches of volcanic rocks of younger date. In the

North Island, also, volcanic rocks are rare on the east side of the

main range ; but on the western side, from the centre of the island

to Auckland, they cover more than half the country, and appear

again in great force further north, between Hokianga and the Bay
of Islands. There is no granite in the North Island.

Dr. Hector has estimated the percentage of area covered by these

different formations as follows * :

—

North Island. South IsJand.

Waipara System upwards 56-4<i 24-72

Manapoim to Hokaniii Systems 11-92 73-37

Eruptive Eocks 31-62 1-91

100-00 10000

* Handbook ofNew Zealand, 1880. I have altered the arrangement.
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Good roofing-slate is found in the Takata System :in Otago

;

statuary marble in the ZUianapGuri System at Caswell Sound

;

lithographic limestone, with rocks belonging either to the Waipara
or Oamaru Systems, south of Bruce Bay, on the west coast of the

South Island. Coal in thin beds is found in the Mataura Series,

but there are no workable seams older than the Matakea Series at

the base of the Waipara System. From the date of the Hokanui
System to the present day land has existed continuously in Xew
Zealand, and no doubt decaying vegetable matter has constantly

accumulated in favourable localities. But it was only when these

accumulations were covered up by deposition that they have been
preserved. This occurred in two ways :—(1) By marine deposits

on subsidence of the land; and (2) by lacustrine and fiuviatile

deposits. Consequently we find coals or lignites at the base of the

Waipara, Oamaru, Pareora, and Wanganiii Systems covered by
marine beds ; and also we have coals and lignites of intermediate

age covered by fresh-water beds. These latter, however, we may
for convenience group in each case in the system to which the over-

l}-ing series belongs, although there may be an unconformity between
them. The Xew-Zealand coals, therefore, belong to what I have
called insular formations. They do not form large basins, as in

England, X. America, or AustraUa,|but] occur wrapping round hills

formed by older rocks, and are consequently almost always worked
by. day-levels and not by shafts.

Desckipiivi; Geolo&t.

Manajpouri System.

This system is largely developed on the west coast of Otago, from
Preservation Inlet to Milford Sound, extending inland to Lake Te
Anau. Elsewhere it is only known on the west side of Tasman's

Bay in Xelson, from ]M!otueka to Separation Point (Eiwaka series)

:

but it may probably occur in ^Vestland also.

The rocks consistof grey and red gneiss, garnet-bearing schist, horn-

blende-schist, mica-schist, quartz-schist, and occasionally granular

limestone. Scales of gra];)hite have been found in the mica-schist

at Dusky Sound. The beds are not contorted, and the dip is almost

constantly westerly, varying from 45^ to 80", the only easterly dip

recorded being at the marble quarries on the north side of Caswell

Sotmd * ; and here this dip seems to be local, for the marble on the

south side of the Sound dips S.V., 45". ^e can only escape from the

conclusion that these rocks have a thickness of many miles by sup-

posing either that the plane of foliation does not always coincide

with the original plane of bedding, or that a series of reverse folds

occur, neither of which has as yet been proved.

Tdkaka System.

This system covers a large extent of country in Collingwood

County, and can be traced south, continuously through Mt. Arthur,

* l[<^Kay, Eeports of G-eological Surrey, 1881, p. 115.
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Merino Mts., Lyell Mts., Brunner Mts., Victoria Mts., "Werner Mts.,

and along the westerly hsise of the 'New Zealand Alps into Otago,

where it again expands considerably, and turning eastward with

the anticlinal axis, covers the greater part of the interior of that

province, reaching the sea in the neighbourhood of Dunedin. The
centre of the secondary anticlinal fold in S. Canterbury (fig. 1, e)

and the one in Marlborough (/*.•) are also occupied by these rocks.

In the north-west part of the JS'elson Province, the Takaka
System can be divided into three series, all of which appear to be

conformable. The lowest of these is the Mt. Arthur Series, which
consists principally of crystalline limestone with bituminous and
micaceous schists. This series has yielded to Mr. A. M'^Kay, the

indefatigable assistant of the Geological Survey, a few Crinoids and
a Coral. The middle or Aorere Series is formed principally by blue

slates, but also contains sandstones as well as felspathic and quart-

zose schists. In the slates, Mr. J. L. Morley and Mr. S. H. Cox have
collected Graptolites, some of which appear to be identical with
Australian Ordovician forms. The upper or Baton-River Series

consists of calcareous slates and argillaceous limestones with slates

and sandstones. The following list of the " more important or

abundant " fossils of this series is given by Mr. M^Kay * :

—

Calymeiie Blumenbachii. Ehynchonella Wilsoni.

Homalonotus Knightii. Stricklandia lyrata.

Orthoceras. Atrypa reticularis.

Murchisonia terebralis. Orthis.

Avictda lamnoniensis. Strophomena corrugatella.

Pterinea spinosa. Chonetes striatella.

Spirifera radiata.

It also contains many corals and corallines.

Possils of the Baton-river Series have been found as far south as

Eeefton, and in addition Spirifera vespertilio and Homalonotus ex-

pansus, Hector t ; but beyond that the metamorphism gets more

pronounced, and the rocks of the system pass altogether at the base

into chlorite-schist and quartzose mica-schist, with occasional beds

of graphite (Wanaka Series), and in the upper parts into phyllites

with clay-slate and quartzite (Kakanui Series). No calcareous

rocks are known in the south.

The thickness of this system in Otago cannot, I think, be less

than 100,000 feet ; but in the JN'elson Province Dr. Hector estimates

it at from 15,000 to 18,000 feet only.

The junction of the Takaka with the underlying Manapouri

System can be studied in the Eiwaka Mountains, west of Tasman's

Bay, and here Mr. S. H. Cox has shown a complete unconformity

between the two $ (fig. 2, b and c).

* '.Reports of Geological Survey, 1878-9, p. 126.

t Trans. N. Z. Institute, vol ix. p. 602 (1877).

I Eeports of Geological Survey, 1879-80, p. 2, Section A.A.



200 CAPT. F. W. HXJTT02f O:^ THE

^
«fa

^

SQ

I

I

^

s a

p^"^m^

HO

'S ai

O o3

s

II

It is very remarkable that in

the Province of l^elson, where
there are several exposures of

granite in connection with this

system, and where the rocks are,

in places, violently disturbed,

metamorphic action has been
much less than in Otago, where
the rocks lie nearly flat and no
gTanitic areas occur. This mili-

tates much against Mr, Mallet's

idea that the heat of metamor-
phism is due to crushing. On the

other hand, the enormous thick-

ness of the system in Otago and
the gradual decrease of metamor-
phic action upward make it pro-

bable that, in this case, the meta-
morphism is due to the internal

heat of the earth.

Maitai System.

This system is found in the

South Island^ flanking the Takaka
System on both sides of the main
anticlinal (a, fig. 1), except in

Westland, where it has been almost

entirely removed. In the Korth

Island it forms the chiefpart of the

main range fromWellington to East

Cape (Eimutaka Series), as well as

most of the outcrops of old sedi-

mentary rocks in the Province of

Auckland. The rocks are chiefly

argillites, red and black slates, and

grey and green sandstones, with

occasional beds of limestone in the

South Island. Thick masses of

greenstone-ash are found interbed-

ded with the slates and sandstones

in many places in New Zealand,

but these rocks appear to be

local.

The thickness is estimated by
Dr. Hector at from 7,000 to 10,000

feet; but it is very difficult to

form an opinion, as the stratifica-

tion is often obscure.

That an unconformity exists be-

tween this and the Takaka System
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is evident. In Nelson it has been shown to rest indifferently on

the Aorere and the Mt. Arthur Series*, the Baton-river Series

being absent (fig. 2, d). In Westland, Mr. Cox describes these

rocks as quite unconformable to the schists f ; and at Eeefton they

have been shown to be unconformable to the Baton-river Series

(= Reefton Series) by Dr. Hector, Mr. Cox, and Mr. M^'Kay. At
the Tapanui Mts. in Otago, the system rests partly on the Wanaka,
and partly on the Kakanui Series, while in the West-coast Sounds

it appears to rest upon the Manapouri System. But notwithstanding

this unconformity, it is by no means easy to draw the line between

this and the Takaka System in Otago ; for the metamorphic action

has passed upwards through both, assimilating to some extent along

the boundary the rocks of each system.

In consequence of the rocks being generally unfossiliferous, it has

not yet been found possible to break up this system into distinct series.

According to Dr. Hector, the following fossils occur in limestone at

the Dun Mountain, near the base of the system :

—

Sjpirifera hisul-

cata, Spirifera glabra, Froductus hracliythoirus. Cyatliophyllum and

Cyathocrinus. In the upper part of the system the only fossils

known are the tubes of two or more species of Tubicolous Annelides,

perhaps Cornulites J.

The BimiitdJca Series of the Korth Island no doubt belongs to the

Maitai System. The Te Anau Series of Dr. Hector is now con-

sidered by the Geological Survey as forming the base of the Maitai

System, but formerly it was placed at the base of the Hokaniii

System §. It is said to consist of "an enormous thickness of

greenstone breccias, aphanite slates, and diorite sandstones, with

great contemporaneous floes and dykes of diorite, serpentine, syenites,

and felsite "|| ; and it appears to me to be merely the igneous rocks

belonging to the system, and not to represent any particular

horizon. I say this, however, with much hesitation, because Mr.

S. H. Cox, to whose opinion I attach great weight, differs from me
on this point and agrees with Dr. Hector.

Eemarkable beds of manganese ore, generally associated with

red jasperoid slates, are found in several places in the Auckland

Province and also near Wellington. In many respects these rocks

remind one of the deposits now being formed in the deeper parts of

the Atlantic and Pacific Oceans, and the absence of fossils strengthens

the impresssion.

This system is the same as my "Kaikoura formation." The
" Westland formation," and the lower part of the " Mount Torlesse

formation " of Dr. von Haast also belong to it. The rocks called

" Maitai slates " by Dr. von Hochstetter are seen in the neighbour-

hood of Nelson to overlie rocks containing Monotis belonging to the

Wairoa Series ; and in addition to this. Dr. Hector collected from

* Cox, Reports Geological Survey, 1881, p. 47. Up. Devonian, a.

t Reports Geological Survey, 1874-76, p. 68, and sections,

t See M<=Kay, Rep. Geol. Surv. 1879-80, p. 90.

§ Reports of Geological Survey, 1876-7, p. v.

II

' Handbook of New Zealand,' 1883, p. 36.
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them, in 1866, fossils wMch. were said to be Inoceramus *. For
these reasons I have, in my report on the Geology of Otago (1875),
associated Dr. Hochstetter's Maitai slates with the Wairoa Series

;

and Dr. Hector in 1877 considered them to be the same as the

Kaihikn Series of the J^uggets and Mt. Potts t. But on the other

hand these slates resemble in lithological character those fonnd in

other parts of ITew Zealand underlying the Hokanui System ; and
there is therefore some doubt as to the true position of the Maitai

slates. Consequently I should have preferred to retain my name
of " Kaikoura " for this system ; but the term Maitai has been
largely used by the Officers of the Survey for the present group

of rocks, and I do not vsdsh to destroy this approach to uniformity

by insisting on the desirability of employing some other name.
I am the more ready to do so, as I think it probable that the

superior position of the Maitai slates to the Wairoa Series near

!N^elson may be due to inversion t, and that the supposed Inoceromus

may belong to some other genus of the same family.

Hokaniii System.

This system is found in the JS'orth Island between Kawhia and
the "Waikato, and again at Port Waikato (Putataka Series) §. It

also occurs at "Wellington, in the Euahine range, and again in the

Eaukamara range, near the East Cape. In the South Island it is

found on the eastern side of the ge-anticline, outside the Maitai

rocks, and occujDies part of the synclines, 6, c, and d, already

mentioned (fig. 1), as well as the Southland syncline {g). In
Westland and in the north-west of the j^elson Province it is quite

unknown. A small patch is found near jS'elson (Wairoa Series),

but the two largest areas covered by this system are on the north-

east and on the south of the island. Commencing in the neigh-

bourhood of Kaikoura peninsula, it skirts the main range to the

Hanmer plains, sending northwards a long tongue towards the

Wairau gorge. To the south it reaches the Canterbury Plains

at the gorge of the Ashley. It reappears in the Malvern Hills,

and in the north branch of the river Ashburton, whence it runs

southwards to the neighbourhood of Mt. Peel, extending in-

land through the Clent Hills and Rangitata Eiver as far as the

junction of the Clyde and the Havelock, near Mt. Potts. Another

exposure of these rocks occurs somewhere near the Mackenzie

Plains, in the centre of the basin formed by the main anticline and

its easterly extension in Otago («, a, fig.l), and the secondary anticline

(e) running from Hunters Hills towards Mt. Cook. Mr. A. M^Kay
has proved the existence of this exposure by finding fossils be-

* Eeports of Geological Survey, 1870-1, p. 113, and 1878-9, p. 117.

t Eep. Geol. Survey, 1876-7, p. v.

+ M'^Xay, Eep. Geol. Survey, 1877-8, pp. 155-158.

§ Eocks of this age were said by Dr. Hector to occur north of Auckland,

near Mahurangi (Geol. Eep. 1874-6, p. vi), and doubtfully at the island of

Kawau (Geol. Eep. 1868-9, p. 45) ; but this has not been confirmed by Mr. Oox
(Geol. Eep. 1879-80, p. 14).
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longing to the system in boulders in the Waitaki * ; but the rocks

have not yet been detected in situ. The southern development of

the system is on the coast between the rivers Clutha and Mataura,

passing inland through the Hokanui Mountains to beyond lit.

Hamilton. This is the best locality for making out the series of

rocks forming the system, a work which has been ably accomplished

by Mr. S. H. Cox f.

The rocks are principally blue slates and green or brown sand-

stones, with beds of conglomerate sometimes passing into breccias.

There are no limestones. In the lower series beds of greenstone

ash occur, and in the upper thin seams of coal. It is a littoral

formation, plant-remains being found throughout. The thickness

has been estimated both by Mr. Cox and by myself at between

20,000 and 25,000 feet in Southland.

This system is undoubtedly unconformable to the Maitai System,

but it not easy to get good sections to prove this. The best is

perhaps in Southland, at the Takitimu Mts., where I reported an

Fig. 3.

—

Section from Oreti Eiver to the Tcikitimu Mountains.

(Distance 12 miles.)
N.E. s.w.

Orgti Haycock Takitimu
Eiver. Hills. Mt. Hamilton. Mts.

d. Maitai System.

/. Waipara System.
e. Hokanui System.

g. OamarvL System.

unconformity in 1872 J, and this has since been confirmed by
Mr. Cox § (fig. 3, e). In no place, however, is it known to rest on
the Maitai System.

The Hokanui System forms the upper part of Dr. von Haast's
" Mt. Torlesse formation." It has been divided into a considerable

number of series, all conformable to each other, but distinguished

by their fossils. The fossils, however, have not been described

;

and, although it may very probably be true that all these series

will be found to be necessary, at present it is impossible to recognize

them in the field, and it therefore seems to me preferable to reduce

the series to three at the most. The KaiMJcu Series forms the base

of the system ; but fossils are rare, and I doubt much whether it can

* Reports of Geological Survey, 1881, p. 77.

t Eep. Geol. Surv. 1877-8, p. 25.

t Eep. Geol. Surv. 1871-2, p. 103.

§ Eep. Geol. Surv. 1877-8, p. 113.
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be separated from the Wairoa Series. The only characteristic fossil

mentioned by Dr. Hector is Trigonotreta undidata. Labyrinthodont
teeth and Glossopteris are found both here and in the next higher
series. Remains of what appears to be an Ichthyosaurus * have
been found near Mt. Potts, in S. Canterbury, in beds recognized by
the Geological Survey as belonging to the Kaihiku Series. Dr.
Hector considers this series of Permian age ; at the same time he
notices the absence of " the usual Palaeozoic elements of a Permian
fauna, " and, I may add, of a Permian flora also.

The Wairoa Series is well characterized by the following :

—

Belemnites (?) otapiriensis, Hector.

Monotis salmaria, var. richmondiana,
ZiUel.

Halobia Lommelli, Wissm.
Mytilus problematicus, Zittel.

Spirigera Wreyi, Suess.

There are also several Spirifers which are referred by Dr. Hector
to new genera or subgenera (not yet described) called Glavigera,

Rastelligera, and Psioidea f.

Among the plants are Dammara fossilis (Ung.), Zamites, RTiacho-

phyllum, Glossopteris, and Neuropteris.

The Mataura Series is characterized by

Ammonites noyo-zelaxidicus, Hauer.
Belemnites aucklandicus, Hauer.

Hochstetteri, Hector \.

Belemnites catlinensis, Hector.

Inoceramiis Haasti, Hochst.

Aucella plicata, Zittel.

The plants are Polypodium Hochstetteri., Uiig-? Asplenium palce-

opteris, Ung., Tceniopteris linearis, and Macrotceniopteris lata §.

Waipara System.

In the South Island this system extends, with a few interruptions,

from Cape Campbell in Cook's Straits to the river Ashburton in

S. Canterbury (Amuri Series), and an isolated patch occurs in the

Trelissick basin on the upper Waimakariri. In Otago it includes

the coal-measures of Shag-point and the Horse Range (Matakea
Series), as also the coal of Mt. Hamilton and possibly a small patch

on the north shore of Lake "Wakatipu. In the iN'elson Province it

includes the coal-measures of Pakawau, and the bituminous coals

of the BuUer and Greymouth. In the North Island Mr. M'^Kay

has recognized the system on the east coast of Wellington ||, and it

apparently covers a large extent of country in the Waiapu district,

in which oil-springs are situated (Awanui Series) ; and again on

the Wairoa river north of Kaipara Harbour % in Auckland. But

* Ichthyosaurus australis, Hector, Trans. !N". Z. Institute, vi. p. 355.

t Dr. Hector also mentions Katitihcs mesodiscus, Nautilus goniatites, Pleuro-

toraaria. ornata, and Tancredia truncata.

X Trans. ^'. Z. Institute, vol. x. p. 486.

§ Dr. Hector also mentions Trigonia costafa, Spiriferina rostrata, Epithyris,

Cycadites, Echinostrohus, and Camptopteris.

[|
Reports of Geological Survey, 1878-9, p. 79.

^ Cox, Eeports of Geological Survey, 1879-80, p. 22.
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until the fossils from these North-Island localities have been carefully

compared with those from the typical districts at Amuri and
Waipara in the South Island, it is impossible to feel quite certain

about their age.

The thickness of the system at Amuri Bluff is estimated by Mr.
M'^Kay at about 1600 feet. I considered the Matakea Series at

Shag Point to be between 6000 and 7000 feet. The strata are

usually much disturbed except in IS'orth Canterbuiy. In Marl-
borough they go, in Benmore, to an altitude of 4360 feet. In
BuUer county they form mountains 5000 or 6000 feet high, and at

Mt. Hamilton in Otago they occur at an elevation of 3700 feet. In

the ]N'orth Island the greatest elevation of the system is in the East
Cape district, and perhaps does not exceed 2000 feet.

This system is quite unconformable to the Hokanui System in

Marlborough and Canterbury. The coal-measures of the Malvern
Hills and of Mt. Hamilton (fig. 3,/) rest on the Hokanui System ;

those of Shag Point, the Grey, and the Puller, rest on the Maitai

System ; and those of Pakawau in Nelson on the Takaka System,

showing a complete stratigraphical unconformity. The palaeontolo-

gical break is probably equally great, but it has not yet been proved.

The upper part of the system in Marlborough and Canterbury

consists of white argillaceous limestone (Amuri limestone) often

containing flints. Dr. Hector calls it a deep-sea deposit ; but it

must have been formed within a few miles of land, and in the

Kaikoura peninsula has thin bands of fine conglomerate running

through it. Near Oxford, in Canterbury, a chalky limestone occurs

which, according to Dr. Hector, is " made up chiefly of minute
shells of Foraminifera " *, but I can find none in it. Although it

is remarkably pure, it must have been formed close to land, as the

Oxford Hills behind it rise to a considerable height. It is no doubt

the remains of an old coral reef; but as no fossils have been found

in it, it is uncertain whether it belongs here or to the Oamaru
System.

In the typical district remains of marine Saurians belonging to

the genera Plesiosaurus, Mauisaurus, Taniiuhasawrus, PoJycoti/Ies,

and Leiodon have been found and have been described by Sir P.
Owen t and by Dr. Hector %. Among the MoUusca are Belem-

nites austrcdis, Phillips §, Co7ichothi/ra jjcuxisitica, M'^CoyH, a genus

allied to Puc/nellus, Conrad, of the North-American Cretaceous,

Tnoceramiis, Trigonia sulcata, Hector^, and many others not yet

described. The plants found at the base of the system at "Waipara

are chiefly dicotyledonous angiosperms and Dammara. From
Pakawau Dr. Hochstetter obtained Equisetites, Neurojpteris^ and

either Zamites or Phoenicites ; but leaves of dicotyledonous angio-

* Eeports of G-eological Survey, 1879-80, p. viii.

t Brit. Assoc. Eep. 1861, p. 122, and Geol. Mag. 1870.

X Trans. N. Z. Institute, toI. vi. p. 333.

§ Hector, Trans. N. Z. Inst. x. p. 487.

II
See Eeports of Geological Survey, 1 873-4, p. 37, footnote,

•^ Trans. N. Z. Inst. yi. p. 358, footnote.

Q. J. G. S. No. 162. ft
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sperms also occur there *. The reptilian remains occur above the

beds with dicotyledonous leaves at the Waipara, and they occur

above the beds with Belemnites australis at Amuri Blutf ; but the

relation of the Belemnite beds to the leaf-beds has not yet been
made out. Mr. A. M^Kay reports having found Ammonites at the

Ten-mile Creek near Grreymouthf, and also near Waimirima, between
Cape Kidnappers and Cape TurE again on the east coast of Wel-
lington J. He also mentions finding a skeleton, apparently reptilian,

at Lake Wakatipu, from which " fragments of a jaw with long

slender Plesiosaurus-like teeth" were obtained §. In the Otago
Museum there is a fragment of an Ammonite from the Matakea
Series near Shag Point ||. Dr. Hector mentions Inoceramus and
Belemnites from the Awanui Series in the East Cape District % ; and
Mr. Cox reports Inoceramus from the Wairoa river, Kaipara
Harbour **. A " smooth Inoceramus " is also mentioned bj Mr.
M^Kay as occurring in many places between East Cape and Cape
Palliser tf.
No undoubted Mesozoic fossils have been reported from any other

of the districts considered by the Geological Survey as " Cretaceo-

tertiary." According to Dr. Hector " no trace of a Belemnite

j)03sessing the upper part of its guard or phragmocone has been
discovered in any bed above the black grit " JJ, that is about the

middle of the Amuri Series. But, he says, smooth fusiform bodies,

with a minute depression or perforation at the lower end, which
exfoliate from the central portion of the guard of B. australis, have

been found at Green Island, near Dunedin, at Waitaki, and at

Mt. Hamilton in Otago. He further says that these bodies form

the Acanthocomax (? Actinocamax') of Miller, and have frequently

been mistaken for spines of Cidaris. But as no whole guard of a

Belemnite, even without the phragmocone, has as yet been found at

any of these localities, nor in any rock supposed to be of the same
age, the nature of this fossil must, for the present, be considered

doubtful. The rocks in which it occurs at Green Island and at the

"Waitaki, I consider, from other palseontological evidence, to belong

to the 0am aru System. This fossil is identical with the " pseudo-

belemnite " described by Dr. Mantell from what are known as the
" Hutchinson Quarry beds" at Oamarii§§, and which are considered

by the Geological Survey to be of Upper Eocene age.

Oamaru System.

In the NortJi Island this system occurs in many places north of

Auckland and all down the west coast from Port Waikato to Mokau

If Eeports of Geological Survey, 1870-1, p. 157.

t Eep. Geol. Surv. 1873-4, p. 81. J Eep. Geol. Surv. 1874-6, p. 45.

§ Eep. Geol. Surv. 1879-80, p. 145.
||
Geology of Otago, p. 45.

«[ Eep. Geol. Surv. 1873-4, p. sviii.

-* Eep. Geol. Surv. 1879-80, p. 22. ft Eep. Geol. Surv. 1877-8, p. 22.

it Traus. N. Z. Institute, toI. x. p. 489.

§§ Quart. Journ. Geol. Soe. vi. p. 329. The Ototara limestone of Mr. Mantell

included the Hutchinson Quarry beds with abundant shells and corals, as well

as the Oamaru builcling-stone.
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(Aotea Series). On the east coast it appears to be largely developed

in the northern part of Hawke's Bay, extending inland to Lake
Waikaremoana *, and eastward to Poverty Bay (Turanganui Series)

;

but the fossils require more examination before the proper position

of this series can be ascertained. In the Wellington Province it

has only been recognized in the neighbourhood of Cape Palliser f.

Yaluable seams of coal lie conformably below marine sandstones

belonging to this system at the Bay of Islands, and at Whangarei.

The coal-beds of Drury and the Waikato underlie the system

uuconformably, but the}" probably belong to itt.

In the South Island it occurs at Takaka and Tata Island in

Golden Baj^ and extends down the west coast for some distance

from Cape PareweU ; it is found again from Cape Poulwind to

Greymouth. On the east side of the island, commencing at Cook's

Straits, it occurs at intervals along the eastern flanks of the

mountains all through Marlborough, Canterbury, Otago, and South-

land to the Waiau river. Some of the inland valleys on both sides

of the Alps are also partly filled with rocks belonging to this system.

Yaluable seams of brown coal are found at Dunedin, Tokomairiro,

Kaitangata, and Nightcap HUls in Southland. In J^elson Province

the brown coals of West Wanganui probably belong here, as also

may much of the brown coal up the Buller river.

I have, in another communication to the Society §, given my
reasons for thinking that this system is unconformable to the

Waipara System in the northern part of Canterbury. No well-

defined junction is found in Otago : but both at the Horse Ranges
and at Mt. Hamilton (fig. 3,/ and g), the general geological structure

of the country leaves no doubt that the two are also unconformable

therejl. There is no published section showing the relation between
the two systems at Greymouth. The system attains an elevation of

about 4000 feet in the North Island, east of Lake Waikaremoana.
In the South Island it probably never exceeds 2500 feet.

Eemains of Cetaceans have been found at Caversham^, near

Dunedin, at Weka Pass, and many other places. A Zeuglodont

{Kehenodon onemata, Hector **) has been found at the Waitaki. A
gigantic penguin {Pcda^eudyptes antarcticus^ Huxley ft), occurs at

Oamaru in the Ototara building-stone ; a splendid specimen from
here is in the Otago Museum ; also at the Curiosity Shop on the

Rakaia Eiver, at Trelissick Basin, at Amuri Bluff, and near Brighton

on the west coast Xt' ^ crab {Harpactocarcinus tumidus, H. Wood-

* Cox, Eeports of Geological Surrey, 1874-6, ]D- 102.

t M'^Kay, Eep. Geol. Siirv. 1878-9, p. 80.

j Trans. N. Z. Institute, iii. p. 244.

I
" On the Geological Eelatious of the Weka-pass Stone."

II
Geology of Otago, p. 50.

^ Including a skull in the Otago Museum.
^* Trans. N. Z. Institute, vol. xiii. p. 435.

tt Ann. Nat. Hist. ser. 3, vol. iii. p. 509 ; and Quart. Journ. GeoL Soc. xv.

p. 670 (1859).

\X Hector, Trans. N. Z. Inst. iv. p. 341.

g2
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ward), originally obtained by Mr. M'^Kay near Brighton*, bas also

been found in greensands at Wbarekauri in tbe Waitaki t.

Of tbe Mollusca, tbe most interesting are Aturia ziczac, Sow.,

var. austraUs, M*^Coy, Mitixt, MargineUa, Struthiolana senex,

'RuttoTa, and Pholadomya. About 9 or 10 per cent, of tbe species

appear to be recent. Tbe Ecbinodermata bave been considered to

have a Cretaceous fades, and this is to some extent true if they are

compared witb European forms ; but it is not true if tbe comparison

be made, as it ougbt to be, witb tbe Australian Ecbinodermata.

Tbe occurrence of Nummulites bas been reported in tbe North
Island from Waipu J, Lower Waikato §, Poverty Bay and the East
Cape district ||,

and from tbe east coast of Wellington %. In the

South Island, from theGreymoutb district**, and betweenWestport
and Cape Eoulwind ft. But I doubt much if any true ISTummulite

bas ever been found in New Zealand. At any rate I have never

seen one, although I have been shown tbe so-called Nummulites in

the Wellington Museum.
linger bas described in the ' Eeise der Novara,' several leaves

belonging to tbe genera Fagus, LoranthopTiyllum, Myrtifolium, and
Phyllites, brought by Dr. von Sochstetter from Drury and Waikato.
In the same publication, Dr. Zittel bas described Mollusca and
Ecbinodermata from Papakura, Waikato South Head, Motupipi,

and Cape Farewell, all of which belong to this system. The
Foraminifera of Raglan (=Waingar6a) are described by Dr, Stacbe.

Other Bryozoa, Foraminifera, and Entomostraca from the Ototara

Limestone are mentioned by Dr. Mantell tt, and some corals and

Bryozoa are described by the Rev. Tenison-Woods §§.

The following are the most characteristic fossils :

—

Lima laevigata, Hution.

palseata, Hutton.

Lovenia formosa (Zittel).

Macropneustes spatangiformis,

Hutton.

Meoma Crawfordi, Hutton.
Schizaster rotundatus, Zittel.

Isis dactyla, Tenison- Woods.

Flabellum laticostatum, Tenison-

Woods.

Pleurotoma hebes, Hutton
|| ||

.

Struthiolaria senex, Hutton.

Scalaria Browni, Zittel.

rotunda, Hutton.

Dentalium tenue, Hutton.

Panopsea plicata, Hutton.

Pecten Williamsoni, Zittel.

Fischevi, Zittel.

Hutchinsoni, Hutton.

athleta, Zittel.

Pecten Hoclistetteri^ Zittel, and P. Zittelli., Hutton, are also charac-

teristic, but they both pass up into the Pareora System.

* Eeports of aeological Survey, 1873-74, p. 111.

t M^Kay, Eep. Geol. Sury. 1881, p. 74.

+ Eep. aeol. Surv. 1874-76, p. vi.

§ Eep. Geol. Surv. 1876-77, p. 21.

II
Eep. Geol. Surv. 1873-74, p. 116, &c.

y Eep. Geol. Surv. 1874-76, p. 47.
** Eep. Geol. Surv. 1873-74, p. xiv.

ft Eep. Geol. Surv. 1873-74, p. 106.

l\ Quart. Journ. Geol. Soc. vi. p. 329 (1850).

§§ Paljfiontclogy of New Zealand, pt. iv. Wellington, 1880.

II II

For descriptions see ' Catalogue of the Tertiary Mollusca and Ecbinoder-

mata of New Zealand,' Wellington, 1873. The plates mentioned in the

preface are not yet published.
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Pareora System.

In the Noj'th Island this system is widely distributed in the

north from Cape Rodney, Kawau, and Kaipara Harbour to

Auckland, where it forms the cliflPs round Waitemata Harbour, and

at Orakei Bay (Waitemata Series) ; and extends south to the

Waikato. Its only other occurrence on the west coast is at the

White Cliffs in Taranaki. On the east coast it covers a large

district between East Cape and Poverty Bay (Tawhiti Series) ; and
commencing again at jN^apier, it is largely developed all down the

coast to Cook's Straits (Ahuriri Series). In the centre of the island

it is found in the upper parts of the E,angitiki, Wanganui, and
Waitotara Elvers. In the South Island it is found on the west

coast at Nelson (the cliffs), and from Eeefton to Hokitika (Xanieri

Series). It is much better developed on the east coast; in the

Awatere valley in Marlborough (Awatere Series), between the

Hurinui and Waipara rivers, in the Trelissick basin, and again in

S. Canterbury and Otago from the Eangitata to Moeraki. A few
patches occur in S. Otago and in Southland, and it is extensively

developed on the east side of Lake Te Anau. It also occurs at the

Chatham Islands.

In the South Island the upper part of the system is often formed

by thick beds of gravel. This is best seen near ISTelson, where, in

the Port Hills, gravels are distinctly interbedded with sandstone

containing Pareora fossils ; and these gravels, sometimes cemented
into conglomerates, pass inland to Lake Eotoiti, attaining, in the

Moutere and Wai-iti hiUs, an elevation of 2334 feet *. The same
may be seen in the railway-cutting on the north side of Weka Pass

in Canterbury.

This system attains, in the South Island, an elevation of 3000
feet at Mt. Pleasant, near Lake Te Anau, and also in several

valleys in the centre of the i^ew-Zealand Alps. In the jN'orth

Island it goes to 4000 feet between jN'apier and the Mohaka Eiver.

The rocks, although thrown into rolling curves, are not violently

disturbed except locally, and especially in the neighbourhood of

volcanic rocks. There is a remarkable instance in the cliffs near

Auckland. This section is hard to understand, but it is quite

clear. The Pareora System has been shown by myself t and by lEr.

Cox X, to lie quite unconformably on the Oamaru System in the

Auckland Province (fig. 4, h and g). In the East-Cape district,

Dr. Hector and Mr. M'^Kay show it unconformable to the Turan-

ganui Series §. In N. Canterbury no unconformity has been made
out. In S. Canterbury Dr. von Haast reports unconformity between
the two

II,
and in Otago the unconformity is usually well

marked %.

* Eeports of Geological Survey, 1873-74, p. 49.

t Trans. N. Z. Inst. iii. p. 244. | Eep. Geol. Surv. 1879-80, p. 17.

§ Rep. Geol. Surr. 1873-74, sections.

II
Geology of Canterbury and Westland, p. 318.

*[\ Geology of Otago, p. 58.
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Fig. 4.

—

Section from near Hoiuick, Auchland, to

(Distance 8 miles.)
w.

Howiek. Turanga.

Wairoa River.

Wairoa Eiver.

d. Maitai System. g. Oamarii System . Pareora System.

The humerus of a Porpoise (PJioccenopsis Mantelli, Huxley *) was
found by Mr. Mantell at Awamoa, near Oamaru. He also found a

fragment of a bird's bone, 1^ inch in diameter, in a septariura

from Hampden (= Onekakara) t, and this, from its size, must have
belonged to a Moa. Teeth of the huge Miocene shark, Oarcharodon

megcdodon, Owen, have been found near East Cape. But the

system is chiefly characterized by its numerous s-pecies oi StrutJiiolaria.

The other interesting Mollusca are Polytropa, Siplionalia, Cominella,

Turhinella, Ancillaria, Conus, Sigaretus, Xenopliora, Rotella, Mono-
donta, Crassatella, Perna, Trigonia^ Limopsis, and Solenella. Large

species of CucuUaa, Cardium spatiosum, and Turbo superhus suggest

a sea warmer than at present ; but with these lived several species

which are now found as far south as Foveaux Straits,—e.g. Voluta

pacifica, Triton Spengleri, Venus StutcJiburyi, and Pectunculus lati-

costatus. Prom 20 to 45 per cent, of the species of Mollusca and

Brachiopoda are recent. Possil plants of the system are numerous
near Tapanui in Otago. Dr. Zittel has described several Mollusca

from Cape Eodney, JSTapier, cliffs near Nelson, and the Awatere
Valley. Dr. Stoliczka has described the Bryozoa, and F. Karrer

the Foraminifera from Orakei Bay.

The following may be considered as characteristic :

—

Cardium spatiosum, Button.

Crassatella ampla, Zittel.

Limopsis insolita, Sow.

Pecten secta, Hutton.

Triphooki, Zittel.

accrementa, Hutton.

Ostrea ingens, Zittel.

Flabellum corbicula, Ten.- Woods.

Platyhelia distans, Ten.- Woods.

Cominella Eobinsoni (Zittel).

Voluta corrugata, Hutton.

Pleurotoma sulcata, Hutton.

Conus Trailli, Hutton.
Natica solida, Sow.

Struthiolaria cincta, Hutton.

tuberculata, Hutton.

Dentalium Mantelli, Zittel.

Iffive, Hutton.
• solidum, Hutton.

Pectunculus glohosus, Hutton, and Ostrea nelsoniana, Zittel, may
also be considered as characteristic, but they occur as well in the

Oamaru System. Indeed these two systems are closely connected

palseontologically, and the following highly characteristic species

occur equally in both, but do not occur outside, these systems :

—

-"- Quart- Journ. Geol. Soc. xv. p. 670 ; and Ann. Nat. Hist. ser. 3, vol. iii,

p. 509.

t Quart. Journ. Geol. Soc. vi. p. 326.
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1

Turritella gigantea, Hutton.
Scalaria Ijrata, Zittel.

Dentalium giganteum, Sow.
Oucullsea alta, Sow.

Pecten Burnetti, Zittel.

polymorphoides, Zitiel,

Ostrea Wiillerstorfi, Zittel.

Wanganui System,

Marine beds belonging to this system have been proved by
palaeontological evidence only in the southern half of North Island,

from Patea and Wanganui on Cook's Straits (Piitiki Series), to

the Ngaruroro River-(Kereru Series), and Esk E,iver (Petane Series)

in Hawkes Bay. There can be no doubt, however, that the system

also occurs at Poverty Bay (Ormond Series), at Taranaki, round
Manukau Harbour, on the west side of Whangarei Harbour, and in

various other places in the province of Auckland. In the South

Island the marine beds of the north appear to be represented by
thick unfossiliferoas gravels, which are very difficult to distinguish

from the upper gravels of the Pareora System. These beds rest

unconformably on the Pareora System in the western part of Wel-
lington Province *, and also in Hawkes Bayf, wherever the junction

has been seen, the only doubtful place being at Pohui, east of Napier,

where, according to Mr. Cox J, the unconformity mentioned by
Mr. Percy Smith below his " Pohui papa § " does not exist. The
marine beds attain an elevation of more than 2000 feet near Napier.

I have elsewhere
||
given reasons for concluding that the former

great extension of our glaciers was caused by greater elevation of

the land during the interval between the Pareora System and the

marine beds of the Wanganui System. As these marine beds are

fossiliferous in the North Island only, where there are no traces of

former glaciation, it is not possible to get direct proof of this ; but

in Otago the old Taieri moraine, between Lake Waihola and the sea,

which forms low rounded hills between 400 and 500 feet in height,

is, on the seaward side, covered nearly to the top by marine gravels,

which may belong to this system or may be younger.

The fossils of this system are very different from those of the last.

We miss the species of Struthiolaria and Pecten ; and there is no
Conus or Limopsis. On the other hand Murecc^ Troplion, Pisania,

and Cassis appear for the first time. It is also remarkable that

there should be three genera, Oliva^ Sigaretus, and Risella., not

now represented in our seas. Prom 70 to 90 per cent, of the

MoUusca, and all the Brachiopoda are recent. Dr. von Haast has

found Moa bones in morainic deposits % belonging to this system. A
list of some of the Foraminifera from the Petane Series by Mr. G. E.

Yine, junior, will be found in the ' Transactions of the New Zealand

Institute,' vol. xiii. p. 393. In addition to the large percentage of

recent species, this system may be recognized by :

—

* M<=E:ay, Eep. Geol. Surv. 1877-78, p. 19 ; and I.e. 1878-79, p. 84.

t M*^Kay, I.e. 1878-79. | Eep. G-eol. Surv. 1874-76, p. 97.

§ Trans. N. Z. Inst. ix. p. 568.

II
Trans. N. Z. Inst. v. p. 384, and Geology of Otago, p. 83.

^ Geology of Canterbury and Westland, p. 380, and Quart. Juurn, Geol,

Soc. xxi. p. 135.
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Trophon expansus, Button.
Pieania Drewii, Htctron.

Pleurotoma wanganuiensis, Hutton.
tuberculata, Kirk.

Galerus inflatus, Hutton.
Trochus conicus, Button.

Zizyphinus Hodgei, Button.
Dentalium nanum, Button.
Oytherea assimilis, BvMon.
Ostrea corrugata, Button.

Trochocyathus quinarius, Ten.- Woods.
Flabellum rugulosum, Ten.- Woods.

There are also many others, the descriptions of which are not yet

published.

Pleistocene Period.

Raised Beaches.—At the mouth of the E-iver Thames, near

Auckland, there is a raised heach some 10 or 12 feet in height

containing marine shells *, and at the IS'orth Head of Manukau
Harbour a well-cut beach-terrace is seen at about the same
altitude f.

Below the town of Tauranga there is a raised beach about

2b feet above the sea. Beach-terraces are plainly seen at ffick's

Bay near the East Cape ; but I have never landed to examine
them. At Taranaki Dr. Hector has described Pleistocene deposits

with recent marine shells at 150 feet above the seat. Beach-
terraces occur also near Wellington ; and Mr. M'^Kay describes them
as much more than 200 feet high near Cape Palliser, in Cook's

Straits §. On the west coast of the South Island Dr. Hector
mentions comparatively recent beach-terraces extending to more
than 220 feet above the sea ||, and Mr. Dobson has estimated these

terraces at 400 feet %. At Amuri Bluff there are three terraces,

and Mr. M^Kay obtained recent marine shells from the highest,

which, he says, is 500 feet above the sea**. These three terraces

are also seen a httle further south, at the mouth of the river Conway.
At Motannau, in 1^. Canterbury, a raised beach with marine shells

goes to a height of 150 feet above the sea. A deposit of fine silt

occurs along the east coast of Canterbury and Otago from Banks's

Peninsula to Moeraki. At its base it is stratified, frequently with

layers of gravel, but its upper portions are unstratified. At Timaru
it contains a few marine shells ft. At Oamaru the gravels at its base

contain large numbers of recent marine shells %%, and the upper

parts have yielded Moa-bones, and the skull of a large Sea-Elephant

{Morunga elejpTiantina). This silt goes to a height of 800 feet in

Banks's Peninsula §§, and to 500 or 600 feet at Oamaru||[|. Also the

entrance to the West-coast Sounds are terraced to an estimated height

of 800 feet.

If we plot these heights and distances to scale it appears

* Eep. Geol. Surv. 1868-69, p. 22. t Trans. N. Z. Inst. ii. p. 161.

I Eep. Geol. Surv. 1866-7, p. 3. § Eep. Geol. Surv. 1878-9, p. 84.

II
Eep. Geol. Surv. 1866-7, p. 29. \\ Trans. N. Z. Inst. vii. p. 444.

*^- Eep. Geol. Surv. 1874-6, p. 177.
t-i- M'^Kay, Eep. Geol. Surv. 1876-7, p. 49. JJ Geology of Otago, p. 70.

§§ Haast, Trans. N. Z. Inst. vi. p. 423.

II
II The marine origin of this deposit is, however, disputed! Dr. von Haast

considers it to be land loss. See Geol. Canterbury, p. 367, and Trans. N. Z.

Inst. XV. p. 411.
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as if the rise were tolerably regular from Auckland to Banks's

Peninsula ; but we must remember that the observations are still

very imperfect ; indeed I believe that the sea stood much higher

than 800 feet in Canterbury *. The remarkable river-terraces found

throughout the South Island and the southern and central portions

of the iS'orth Island furnish collateral proof of elevation. They do

not occur in the north part of Xew Zealand, where also there are no
raised beaches.

Peat-mosses.—Several ancient peat-mosses have been examined in

the South Island, such as those of Waikouaiti and Hamilton in

Otago, and Glenmark in Canterbury. They appear to be very

similar in character, and I take the one at Hamilton as an example,

as I explored it myself t. This was a smaU dry basin, about 50 feet

in diameter and from 5 to 6 feet deep in the deepest part, excavated

out of a bed of clay. This small basin was filled with peat and bones

inextricably mixed and forming a compact layer from two to four

feet thick, and before being disturbed its surface was rather higher

than the surrounding country, which was quite flat for a distance of

200 yards. Out of the small hole there were taken about 7 tons

Aveight of Moa-bones, more than half of them quite rotten, the

remains of at least 400 birds J. A great quantity of quartz gravel

occurred among the bones, some of the stones going up to one or

two pounds, and one piece of rock weighed between 10 and 12
pounds. Probably this bog was but the remains of a much larger

one. Besides Moa-bones there were found abundant remains of

Cnemiornis, and a few bones of Harjpagornis and Apteryx^ as well

as a number of small birds not yet determined : also several bones

of Sphenodon punctatum. The bones were not waterworn, neither

were they broken. I collected from the peat the following land-

and fresh-water shells:

—

Thalassia ohnubila, Heeve, and Limncea

leptosoma^ Hutton. The former is now common near Dunedin,

but requires damp bush to live in. The latter is not now known
iu the South Island, but is found near Wellington.

Diluvial Epoch.—The Mollusca of the north of New Zealand

differ sufficiently from those of the south to make any migration

which might take place in either direction easily distinguishable §.

But neither in the "Wanganui System nor in the raised beaches is

there any trace of a northerly migration, i^either are there any

signs of a Pleistocene glaciation of N'ew Zealand greater than at

present. Consequently there is no evidence to show that the high

eccentricity of the earth's orbit that prevailed in Pleistocene times

produced a Glacial epoch here. But there are several facts which

appear to support the view that this high eccentricity produced a

diluvial epoch by causing greater winter snowfall and greater

summer floods.

* Trans. N. Z. Inst. xtI. p. 449.
^ See Booth in Trans. N. Z. Inst. vii. p. 123.

\ Dr. von Haast thinks that at least 1000 birds were imbedded in the

Glenmark bog.

§ Trans. IN". Z. Inst. viii. p. 383.
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In the first place the occurrence of the bones of Apteryx, as well

as those of the water-loving Sphenodon and the land shell TTialassia

ohnuhila, with bones of the Moa at Hamilton, prove that the dry,

treeless, interior region of Otago was at that time covered with
forest ; and this is corroborated by some of the trunks of the trees

themselves still lying on the sides of the moiintains. Secondly the

extraordinary agglomeration of Moa-bones in the peat-mosses at

Glenmark, Hamilton, and other localities, where hardly even two
toe-bones were found in their proper places, can only be accounted

for by supposing that heavy floods swept these bones up and
deposited them in the low ground. And thirdly, the silt of iSTorthern

Otago and Canterbury, usually unfossiliferous but sometimes con-

taining Moa-bones and only stratified at its base, seems to imply

heavy and often recurring floods washing away the fine mud left by
the retreat of the glaciers during subsidence and its rapid deposition

in the sea.

Recent Period.

It is only in seolian or fluviatile deposits of this age that we find

traces of man. Sand dunes are well developed in many places round
the coasts of ]^ew Zealand. Between Manukau Harbour and Port

Waikato they form hills 500 or 600 feet in height, the sands being

often cemented into hard rock by iron-oxide derived from the black

iron-sand.

A very complete list of the localities where Moa-bones have been

found, whether in peat-mosses, sand-dunes, or caves, has been given

by Mr. C. Smith *, to which I can add nothing of importance. J^o

less than eighteen species of JDinornis have been found, all of which
have been described, more or less fully, by Sir E. Owen. Of these,

five are recorded from the IN'orth Island only, and nine from the

South Island only ; while four are common to both islands. The
following table shows their distribution. I have divided them into

four subgenera.

Distribution of the Sjpecies of Dinornis.

Subgenus. North Island.

1

Both Islands. South Island.

MoviA (Eeiehen-

bach). D. giganteus.

D. gracilis.

D. ingens.

D. struthioides.

D. maximus.
D. altus.

D. robustus.

;

Sygrnis (Eeichen-
bach). D. didiformis.

D. casuarinus.

D. dromioides.

D. rheideg.

D. Huttouii.

Palapteryx
(Owen).

D. elephantopus.

D. crassus.

D. gravis.

Cela (Eeichen-
bach).

D. geranoides.

D. curtus. D. pygmffius.

Geological Magazine, ser. 3, voL i. p. 129 (1884).
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Eetjptive Eocks.

The oldest of our eruptive rocks are found in the Manapoiiri

System at the West-Coast Sounds, in the form of dykes of white

granite, minette, eurite, &c. They do not penetrate any higher, and
no eruptive rocks have yet been noticed belonging to the Tdlccika

System.

Matted System.—The pink granite found at Preservation Inlet, as

well as the granites along the ge-anticlinal axis through Westland
and Nelson, have penetrated some of the rocks of the Maitai System,

but are found as rolled fragments in the rocks of the Kaihiku Series

at the base of the Hokaniii System*. Their eruption therefore must
have taken place some time during the deposition of the Maitai

System, and they are probably contemporaneous vrith the dykes of

syenite, diorite, olivine rocks, and serpentines as well as the green-

stone ashes found in various localities in the Maitai System.

Holcanui System.—There is evidence of eruptive rocks belonging

to this date near the Hurinui Plains, where the river Mandamus
cuts through a volcanic region in which ash-beds and lava-streams

are interbedded with slates containing remains of plants f.

Waipcira System.—In the South Island extensive eruptions of

white or light-coloured quartz-rhyolites and dolerites, the latter

now often altered into melaphyres, took place along the western

margin of the Canterbury plains at the Malvern Hills, Alford Porest,

Mt. Somers, and Gawler Downs, during the deposition of the older

rocks belonging to this system t- Quartz-rhyolites of the same
character form the base of the western portion of Banks's Peninsula,

but the rest of this volcanic system is of later date. On the west coast

of the South Island basic volcanic rocks occur at Paringa and other

places south of Bruce Bay, which may belong to the Waipara System
or to the next §. In the North Island volcanic rocks, said to be of

this age, occur on the east coast of Wellington, at Eed Island, south

of Cape Kidnappers
|j, and perhaps near Castle Point ^.

Oamaru System.—In the South Island basaltic rocks are inter-

bedded with sedimentary rocks of this system at Oamaru Cape**;

atCulverden, and at Pahauffon the north side of the Hurinui Plains.

In the Trelissick basin on the Waimakariri, beds of volcanic tuff

overhe and underlie a limestone considered to be the equivalent of

the Ototara stone tt- At Limestone Bluff and at the Two Brothers,

on the south branch of the Eiver Ashburton, a " Palagonite tuff" §§

* Cox, Hep. Geol. Surv. 1877-78, p. 47.

t Haast, Eep. Geol. Surv. 1870-71, p. 46, and Hutton, Rep. Geol. Surv.

1873-74, p. 34.

I
Haast, Eep. Geol. Surv. 1871-72, p. 12, and I. c. 1873-74, p. 7 ; Hutton,

Eep. Geol. Surv. 1873-74, p. 40 ; Daintree, Trans. IN". Z. Institute, vii. p 458.

§ Cox, Eep. Geol. Surv. 1874-76, p. 8 ; Haast, Geol. Canterbury, p. 302.

II
M'^Kay, Eep. Geol. Surv. 1874-76, p. 45.

^ M'^Kay, I. c. 1874-76, p. 59. ** Geology of Otago, p. 55.

ft Eep. Geol. Surv. 1873-74, p. 46.

i^ M'^Kay, Eep. Geol. Surv. 1879-80, p. 60.

§§ Haast, Geology of Canterbury, p. 313.
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occurs, whicli, while agreeing well in ultimate analysis with specimens

obtained in other countries, does not contain any palagonite visible

to the naked eye.

The andesites and trachytes forming the centre of the Dunedin
volcanic system are interbedded in the peninsula with sedimentary

rocks, probably of this age ; but the later eruptions of basaltic rocks

which surround the andesites may belong to the Pareora System*.

According to Dr. von Haast, the results of whose extensive re-

searches on the structure of Banks's Peninsulaf I can in great part

confirm, there have been here, in addition to the quartz-rhyelites of the

Waipara System already mentioned, three periods of activity. To the

first of these belong the caldera of Lyttelton, Little Eiver, and Akarda,

in which the lava-flows are chiefly augite- andesites J and occasionally

trachytes. The dykes are chiefly trachytes, but occasionally augite-

andesites, and at least one is rhyelite §. To the second period belong

!Mt. Herbert and Mt. Sinclair, which are formed of andesites, but

without any visible dykes. To the third period belongs only Quail

Island in Lyttelton Harbour, also composed of andesites with dykes
of trachyte (?). The first and second of these periods of eruption

are quite evident, and both appear to have been entirely subaerial

in character. There does not, however, seem to be any means of

distinguishing the third from the second period, and it is compara-
tively insignificant. The quartz-rhyelites had suffered severely

from denudation, and thick beds of sandstone had been formed by
their disintegration, before the more basic eruptions took place

;

consequently we may consider these latter as younger than the

Waipara System. On the other hand the whole have suffered too

much from denudation to allow us to put anj^ of them later than
the Pareora System ; and as both periods of eruption were subaerial,

we have the interval between the Waipara and Oamaru Systems or

that between the Oamaru and Pareora Systems to choose between.

I think it probable that the calderas of Lyttelton and Akaroa belong

to the Oamaru System, but Mt. Herbert may belong to the Pareora

System.

In the J^orth Island the trachytes (?) of Hick's Bay, near the

East Cape, are distinctly overlain by beds of the Tawhiti Series
||,

and they may therefore belong to the Oamaru System.

Pareora System.—In the South Island basalts and basaltic tuffs

are interbedded with rocks of this system at Mt. Cookson, north of

the Hurimii plains. The basalts of Moeraki Peninsula are clearly

seen to overlie a Pareora clay (the Onekakara clay of ManteU ^),
and as they have undergone great denudation, we cannot put them
into the Wanganui System. The volcanic rocks of Timaru may also

* Geology of Otago, p. 55.

t Geology of Canterbury and Westland, p. 324, and Trans. ISi. Z. Institute,

xi. p. 495.

\ Por the knowledge that these rocks are andesites I am indebted to Prof.

G. H. F. Ulrich, who has examined them microscopically.

§ Ulrich.
II

Cox, Eep. Geol. Surv. 1876-77, p. 112.

^ Geology of Otago, p. 61.
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perhaps be placed here. Xo trace of a scoria-cone uor of a tuff-crater

exists anywhere in the South Island ; all the volcanic rocks, even

Banks's Peninsula, which is 3000 feet high, appear to have suflFered

from marine denudation.

In the North Island volcanic ash beds and andesitic breccias are

found associated with the Waitemata Series near Auckland ; and the

trachytes (?) of Whangarei, the Great Barrier Island, and Coro-

mandel are no doubt of the same age. Eossil wood of Podocarpium
dacrydioides, TJ-ng., was obtained by Dr. Hochstetter from the tra-

chyte tuffs of both the Great Barrier and Coromandel ; and from the

much decomposed basaltic rocks behind Drury he obtained wood of

Nicolia zelandica, Ung., which Avas also found in the Pareora gravels

of Moutere Hills near JSTelson. On the Great Barrier Island the

trachytic cone of Ahumata, 1500 feet high, still retains a well-marked
tuff crater *, as also does Arid Island t.

The andesites J, and gold-bearing propylites (?) of the Thames may
be of the same age, or they may possibly date back to the Oamarii

System ; but we have no evidence that any andesites in ]N"ew Zealand

are older than the Oamaru System §. A piece of carbonized wood
impregnated with iron pyrites, but showing plainly annual rings of

growth, was obtained from the gold-bearing propylites in the " Maid
of England" claim ||.

Wanganui System.—There is no trace of volcanic action having

taken place in the South Island during this period or later ; but in

the North Island, on the western side of the main range, volcanic

eruptions on a large scale occurred from the commencement of the

Pareora and are even now not quite over. At Mt. Egmont in

Taranaki the first eruptions, perhaps of Pareora date, were trachytes

containing (according to Zirkel) both sanidine and oligoclase, and
are much like some of the rocks of Banks's Peninsula. These were
succeeded by dolerites and basalts. The bases of Ruapehu and of

Tongariro also appear to consist of trachytes, but here the later

eruptions have been dark-coloured rhyolites and pumice. These

siliceous eruptions appear to have commenced during the formation

of the upper part of the Wanganui System (Kereru Series), for no
pumice occurs in the lower beds. Khyolites are extensively developed

round Lake Taupo, and in the Hot-spring district. In the vaUey

of the Thames it appears that they are of later date than the

dolerites (? angite-andesites) of Cape ColviUe peninsula %. Around
Auckland and at the Bay of Islands basalts were the only lavas

erupted.

^ Eep. Geol. Surv. 1868-69, p. 6.

t Trans. N. Z. Inst. i. p. 164, new ed. p. 108.

\ I am indebted to Prof. Ubich for the information that .the rocks called by
me dolerites. in Eep. Geol. Surv. 1863-69, p. 20, are typical augite-andesites

According to Dr. Hector they contain olivine (Geol, Eep. 1868-69, p. 42, no. ix.);

I saw none myself.

§ See " On the Geological Structure of the Thames Goldfields," in Trans.

N. Z. Inst. yi. p. 272 ; and Cox, Eep. Geol. Surv. 1882, p 4.

II
Eep. Geol. Surv. 1868-69, p. 44.

«[ Cox, Eep. Geol. Surv. 1883, p. 20.
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In the neiglibourliood of Auckland many scoria-cones with well-

preserved craters occur at very slight elevations above the sea.

These are younger than the clays belonging to the Wanganiii System
round Manukau Harbour, and have never undergone marine denu-

dation ; but some of the tuff-craters, such as Lake Pupuki on the

north shore, are of submarine origin.

Obsidian occurs in many places and is particularly plentiful on

Mayor Island in the Baj^ of Plenty. Perlite is found in the Hot-
springs district ; and a finely laminated rhyolite, called lithoidite

by Eichthofen, is found at Totara on the east shore of Lake Taupo *.

Tachylyte occurs but rarely. We have no glassy basaltic lava-

streams, as in the Sandwich Islands and Priendly Islands. Leucite

has been found in a basalt of uncertain age near Castle Point on the

east coast of "Wellington t. Anorthite occurs in the volcanic rocks

of Campbell Island J, but the age of these also is unknown. The
only active volcano in 'New Zealand is Tongariro, and its eruptions

are feeble. White Island, in the Bay of Plenty, appears to be in

tlie solfatara stage. It has never been known in eruption, and
there is no appearance of recent lava-streams §.

Two interesting sections of volcanoes occur in the sea-cliffs of the

IN'orth Island. I described the one on the west coast, between
Port Waikato and Eaglan, some years ago ||. The other, which is

situated at the west head of Tamaki Eiver, near Auckland, I have

the late Mr. Heaphy's authority for saying is the same as the one

figured by him %, and copied into the works of Scrope and Judd**.

This is the only crater near Auckland that is cut completely

through by a sea cliff ; and I quite agree with Dr. Hochstetter that

it is a tuff-crater only, without any lava-stream tt-

Distribution of Volcanic RocJcs in the North Island.

I have already pointed out that, judging from the relative position

of the Maitai and Hokaniii Systems, it is probable that the ge-anti-

clinal of* New Zealand passes through the centre of the jSTorth

Island from Wanganui to the Bay of Plenty. If now we draw a

line parallel to this axis from Mt. Egmont, through the Karioi at

Eaglan, and on to Mercury Bay in the Coromandel peninsula, we
find that to the north-west of this line the intermediate rocks have

been followed by basic rocks (none of which are known south-east

of the line) without any acidic rocks. On the ge-anticlinal itself,

from Euapehu to the Bay of Plenty, the intermediate rocks are

followed by acidic rocks without any traces of basic rocks. To

the east of the axis basic rocks occur again on the east coast of

* Hochstetter, 'Reise der Novara,' Greol. i, p. 113.

t Colonial-Museum Laboratory Reports, x. p. 48.

+ EilhoL Comptes Rendus, Feb. 1882.

§ Edwin, Trans. N. Z. Inst. i. p. 57 (new ed. p. 463) ; Hector, Trans. I^. Z.

Inst. iii. p. 278.

|]
Quart. Journ. Greol. Sec. xsv. p. 13.

% Quart. Jom-n. Geol. Soc. xvi. p. 242. ** Volcanoes, p. 165, f. 66.

ft 'Reise der Novara,' Geology, i. p. 176, no. 28, and Map.
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WeUington ; but these are thought to he older. I have meutioned

that a line of granite exposures occurs along the ge- anticlinal

axis in the South Island, from Paringa to Separation Point in

Nelson ; and the question naturally suggests itself, Are these

rhyolites of the North Island derived from a northerly extension

of the granite zone of the South Island ? It seems possible that

granitic rocks may be nearer the surface here than they are in

the northern parts of the province of Auckland, and this may account

for the eruption of rhyelites only in the centre of the North Island,

They may be merely a recliauffee of Maitai granites of the

northern part of the ge-anticlinal.

Hot Speings.

In the South Island hot springs are known only in two places,

one in the Hanmer plains, Amiiri county, and the other near Lake
Sumner, about 40 miles S.W. of the first. In the North Island

there is only one hot spring east of the main range ; it is near

Waiapu, in the East Cape district. But west of the main range they

are very numerous ; all the more important ones lie in a broad

band along the axis of the ge-anticlinal, from the base of Tongariro,

through Lake Taupo and the upper Waikato, to Lake Eotomahana
and Lake Hotorua, forming one of the most wonderful regions in

the world. Dr. Hoehstetter distinguishes three parallel lines

of springs ; but it requires some determination in the tracing of

lines to make this out. North of this region the hot springs are

isolated. They occur at Pupunui on the Thames, near Lake
Whangape in the Lower Waikato, at Waiwera near Auckland, at

ITahiu-angi, also near the Bay of Islands, and on the Great Barrier

Island. Geysers, solfataras, fumaroles, mud-volcanoes, and springs

depositing siliceous sinter are confined to the central rhyolitic region

of the North Island.

The best description of the hot-spring region will be found in

Dr. Hochstetter's works. The E-ev. E,. Abbay has given a very clear

explanation of the formation of our sinter terraces *. Accounts of

the mineral waters have been given by Mr. Skeyt and by Dr. Hector J.

MiNEKALS.

An exhaustive list of all the minerals hitherto found in New
Zealand has been given, by Mr. S. H. Cox§. Among the more
interesting are platiridium, osmium-iridium, hessite, sapphire,

spinel ruby, emerald, tridymite, nephrite, and kyanite. No
diamond has as yet been found, A curious jet-like mineral occurs

in veins, or lining veins, in sandstones belonging to the Wanganui
System at One-tree Point, on the west side of Whangarei Harbour Ij.

Gold occurs in the Takaka System and in the Maitai System, where

* Quart. Journ. Geol. Soc. xxsiv. p. 170. Foi* an account of the shape of

the basin and pipe of Te Tarata, see Trans. N. Z. Inst. i. p. 162 (new ed. p. 106).

t Trans. N. Z. Inst. x. p. 243. :j: Handbook of A^ew Zealand, 1883.

§ Trans. N. Z, Inst. vols, xiv., xv., and xvi.

II
Trans. IN". Z.^Inst. iii. p. 250.
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penetrated by Plutonic rocks. It is also found, with several other

metals, in the Tertiary andesites and propylites of the Thames, in

the province of Auckland. Native mercury and cinnabar are being

deposited at the present time by hot springs near the Bay of

Islands*. Silver, copper, antimony, lead, and zinc have been
found in several places, and haematite occurs in abundance at

Parapara, near Nelson, in rocks belonging to the Takaka System, as

well as in many other localities.

DiscirssioN.

Mr. Redman called attention to some beaches on the east coast

of New Zealand, and discussed their mode of formation. One, the
" Ninety-mile " Beach, is really 140 miles long. The southern

leeward drift is resultant from north winds prevailing as two to one

over south winds.

* Trans. N. Z. Institute, iii. p. 252.
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24. On the Geais^ttic and Schistose Eocks of Noetheen Donegal.

By C. Callaway, Esq., D.Sc, F.G.S. (Read March 11, 1885.)

Contents.
I. The Granite.

1. State of previous Opinion.

2. The Grranite Promontory.
3. Kelations between the Granite and the adjacent Schists,

Section in Barnesbeg Gap.
Section on Lough Greenan.
Section south of Creeslough.

Section north of Dunlewy Church.
Ground round Bunbeg.
Granite of Dunaff Head and Malin Head.

4. The Fohation in the Granite.

Arguments for the Metamorphic Origin of the Granite.

Objections to the Metamorphic Hypothesis.

Possible Explanations of the Gneissic Structure.

II. The Schistose Eocks.

Section from Londonderry to Dunaff Head.
Drumahoe Quarry, Londonderry, Cashel Hill, Shore north of

Fahan, Buncrana Bay to BalljTiarry Bay, Ballynarry Bay to

Dunaff Head.
Section from Malin to Malin Head.
Section between Croagh and Horn Head.
Section from Dunlewy to Bunbeg.

III. Proof of Lateral Thrust.

In my paper * on " The Age of the Newer Gneissic Eocks of the

ISTorthern Highlands," I suggested that a stndy of the old rocks of

Ireland would probably aid in connecting the Scottish types with

those of South Britain ; and, in the summer of 1884, I visited the

north of Ireland to ascertain how far my suspicion was justified by
the facts. As Professor Hull had announced the discovery of

Laurentian gneiss in the same area, I included the relations between

this group and the schists in my investigation. A continuance of

stormy weather prevented the completion of my plans ; but I ob-

tained satisfactory proof of the nature and relations of the chief

granitoid mass, and collected partial material for the study of the

schistose rocks. As the result of a month's work, I came to the

conclusion that the schistose rocks of jS^orthern Donegal were sepa-

rable into two groups, and that the so-called " Laurentian " was
merely a mass of granite intrusive in the older of them.

The President (Professor Bonney) , with his usual kindness, has

examined fifty-five microscopic sections of Irish rocks, and he

permits me to use at my discretion the rough notes which he has

furnished. It is to be regretted that pressure of other work has

prevented him from undertaking a more elaborate investigation.

* Quart. Journ. Geol. Soc. Aug. 1883, p. 355.

Q.J.G.S. No. 162. B
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I. The Geanite.

1. State oe peeviotjs Opinion.

Mr. E. H. Scott, P.K.S.*, claims a metamorphic origin for tMs
rock.

Mr. E. H. Blake f takes the same view.

In a subsequent paper J Mr. Scott offers a theory of the origin

of the granite. He considers that all the rocks of the region were
originally stratified, but that, by subsequent metamorphism, some
of the beds were altered into granite, some into gneiss, and some
into other kinds of rocks, without much altering the relative posi-

tions of the strata.

The Eev. Dr. JSaughton, F.R.S.§, regarded the granites as " being

stratified and not intrusive, and therefore varying considerably in

different localities according to the beds from which they have been

formed by the metamorphic action."

Professor Hull
||
accepts the metamorphic theory of the granite,

but regards it as of " Laurentian " age; and the schists which follow

it on the east and west are referred by him to the "Lower Silurian,"

the structure of the district being, in his view, on the type of the

Highlands of the north-west of Scotland, This writer agrees with

previous observers that the granite " contains beds of crystalline

Hmestone/' and that it is " foKated and bedded ; " and he adds that
" the upper beds which occur along the south-eastern margin are

largely interstratified with hornblendic and micaceous schists."

2. The Geanite Peomontoet.

The granite appears in several patches in Donegal. The chief

area is a squarish mass sending off from its north-eastern corner an

arm or promontorj^, about fourteen miles in length, and in breadth

tapering from six miles to three. The arm strikes nearly north-

east. Disappearing under the schist near Glen, the granite reap-

pears in Dunaft' Head, and again in Malin Head. These outlying

patches are precisely on the north-easterly prolongation of the strike

of the promontory. There is distinct foliation in the promontory

;

but I am not aware of anj' in the main mass or in the outlying

patches to the north-east. This promontory will therefore receive

our chief attention.

3. Eelations between the Geanite and the adjacent Schists.

The evidence for the sedimentary origin of the granite adduced
by Prof. Hull, agreeing, as it did, with the observations of previous

observers, left me in little doubt that I should find the old gneiss in

* Journ. Geol. Soc. Dubl. vol. ix. p. 285. t Ibid. p. 295.

X Eeport Brit. Assoc. 1861.

I Quoted in the ' Memoirs of the Geological Survey of Ireland ' (105 and 114,

p. 9).

II
Trans. Roy. Dubl. Soc. ser. 2, vol. i. (1882).
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Donegal. 'The revelation made by the rocks themselves was both a

surprise and a disappointment. I have visited Prof. Hull's most
critical sections, and some districts not described by him.

Pig. 1.

—

Section in Bar Gap and on Lough Greenan,

S.E.

Lough G-reenan. Lough Salt.
I

I

G. Granite.

L. Limestone.

Ms. Mica-scliist.

Hs. Hornblende-schist.

Section in Barnesheg Gap (fig. 1, north-west end).

It was in this wild ravine, near a wooden barrack erected for a

body of soldiers appointed to protect a cottage opposite, that I fi.rst

touched the granite. The rock surfaces on each side were well

rounded by ice-action, and the colouring and weathering suggested

some bits of Hebridean scenery in Scotland. The first blow of the

hammer destroyed my preconceptions. The rock was grey in colour,

uniform in texture, consisting of a well-crystallized, coarse-grained

aggregate of quartz, black mica, and felspar, mostly orthoclase.

There were no signs of bedding, and, but for a roughly linear

arrangement of the mica, I should have declared I had before me as

typical a granite as I had ever seen.

Towards the junction with the schists at the south-eastern end
of the Gap, the granite grows lighter in colour and less coarse in

grain. At the entrance of the gorge we reach the important part

of the section. Masses of schist lie between masses of granite, and
at a hasty glance the two appear to be interstratified. I first came
upon a thin band of well-crystallized mica-schist, dipping at a

moderate angle to the south-east, with granite on both sides of it.

A little further on, I reached hornblende-schist, the hornblende

(consisting of small black sparkling crystals) predominating over the

quartz. This rock at first was rather puzzling. It had no regular

dip, but rose vertically like a dyke, with irregular sides, as if it

had thickened abruptly downwards. But this diorite-like mass was
distinctly foliated, and I at first thought that I had before me a

case of pressure-foliation in an igneous rock. The foliation, how-
ever, was not parallel to either of the margins of the mass or at

right angles to the direction of the thrust which had contorted

the region, but sloped at a medium angle to the south-east, in

accordance with the prevailing dip of the schists outside the granite.

r2
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Grey orthoclase granite appeared on the other side of* this schist,

and fifty yards further on I came to a second mass of hornblende-

schist, succeeded by several others separated from each other by
granite, which sometimes penetrated the schists in veins. The
granite between the fragments of schists was similar to the variety

at the barrack, but was less coarse, and a linear arrangement of

the mica was not apparent in it. The last rock seen in this traverse

was a glistening mica-schist, which seemed to lie outside the

granite.

Prom this examination it appeared to me perfectly clear that I

was on the margin of a mass of intrusive granite. This rock,

homogeneous in texture and composition, lay between irregular

fragments of schist, which displaj^ed a foliation-dip to the south-

east. The mica-schist being very fissile, the granite had passed up
foliation-planes ; but the hornblende-schist is very tough and com-
paratively non-fissile, so that the planes of least resistance are pro-

bably joints. There was not the slightest indication of a melting-up

of the schist, the lines of junction being quite sharp. But if a

general fusion had taken place, some of the hornblende-schist must
have undergone the process ; for its foliation-planes end abruptly

against the granite. We can hardly believe, however, that a rock

which is nearly all hornblende could have been melted up into a

highly acidic granite. The foliation in the granite I will discuss

further on ; and will simply remark here that, on the metamorphic
hypothesis, it is singular for granite in mass to be foliated, while

the narrow bands between the schist-fragments show no trace of

foliation.

Section on Lough Greenan (fig. 1, south-east end, p. 223).

Leaving the Gap, I now struck to the north-east along the eastern

slopes of the granite mass of Crockmore, and in one place collected

beautiful hand-specimens showing the contact between granite and

schist. I then attacked the scarp which overhangs the pass at the

south end of Lough Greenan. The lowest rock seen was hornblende-

schist, with a moderate S.S.E. dip, overlain by a lead-coloured, friable

mica-schist. We next come, after a short interval, to a band of

blue compact limestone, slightly micaceous, dipping E.S.E., passing

under hornblende-schist, these strata forming the steep escarpment

overlooking the south-eastern side of Lough Greenan, and being

surmounted by the quartzites and associated strata which rise into

the steep hills overhanging the eastern margin of Lough Salt.

Prof. Hull places an unconformity between the lead-coloured

schist and the limestone, assigning the former, with the underlying

hornblende-schist, to the Laurentian, and the limestone and asso-

ciated rocks to the Lower Silurian. There is certainly a discordance,

as is indicated by the dips in my section ; but such local variations

of strike occur too often in this and other disturbed regions to

justify so important an inference. The strike in this district, a

little further from the granite, is to the S.W., and therefore not

agreeing with either of the strikes in the section, but coinciding



SCHISTOSE KOCKS OP NORTHERN DONEGAL. 225

with the trend of the schist within the granite of Barnesbeg Gap.
The litholo^ical evidence is decidedly against the creation of two
formations. The hornblende-schist of the so-called Lanrentian is

specifically the same as that above the limestone, and cannot be
distinguished in hand-specimens from rocks on the other side of the
granite, near Creeslough, which are placed by Prof. Hull in the

Lower Silurian. The lead-coloured schist, too, may be matched
over and over again in the supposed newer series on both sides of

the granite promontory. It should also be observed that these

schists, hornblendic and micaceous, are fine-grained and thin-bedded,

thus differing widely from the massive gneisses of the Laurentian,

whether in Scotland, the Malvern Hills, or the Wrekin. On the

whole, I can see no reason of any serious weight for separating the

schists in or near the granite from the ordinary schistose rocks of

the region.

Fig. 2.

—

Section West of OroagJi.

N.W. S.E.

Sch G

Gr. Granite. Gf. Foliated Grranite.

Section ivest of Croagh (fig. 2).

Coming to the western side of the granite promontory, we find a

second junction between the granite and the schists on the main
road west of Croagh Hill. The breadth of the granite, where it is

crossed by the road through Barnesbeg Gap towards Creeslough, is

about three miles. Approaching the western margin of the pro-

montory from the east, we observe that the foliation in the granite

becomes very marked. In one spot there is a clear dip to the S.E.

at 80°. This rock is mainly composed of felspars, one of which is

orthoclase, and black mica. The foliated structure is seen, not only

in a linear arrangement of the mica, but also in a distinct striping

of light and dark bands, corresponding in direction with the strike

of the mica, the dark colouring being due to the abundance of that

mineral.

A few yards beyond we come to the junction. The rock next to

the granite is a thin-bedded, flaggy, grey schist, containing a whitish

mineral, which Prof. Bonney is disposed to think hornblendic. I

would suggest that the occurrence of this mineral may be due to the

presence of granite in the vicinity of limestone, of which there are

signs near at hand. A granitoid material is also seen to penetrate

a rock which Prof. Bonney considers pyroxenic. I am inclined to

regard this as a case of intrusion of granite in limestone, with sub-

sequent chemical reactions. In Prof. Bonney's opinion, some of the
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felspar has probably been con-
verted into sanssurite, a change
which would, of course, support

my suggestion ; but he does not
consider that the slide examined
by him displays CTidence of a

junction. However, I leave my
hint to be confirmed or refuted

by further observation. Except
in the immediate vicinity of the
granite, the rocks are ordinary

mica-schists, at first dipping
away from the granite, and then
bending up to the X.X.W., in

accordance with the usual dip of

the rocks west of the promontory.
These schists are also contorted

on a smaller scale, and penetrated

by veins of quartz and a coarse

granite. The section thus ap-

pears to furnish another example
of the intrusion of the granite.

Section in the road north of Dun-
leiuy {Protestants Church

(fig. 3).

This locality is also at the west-

em margin of the granite, but

ten miles further south. Com-
mencing east of the road, where
it begins to turn round to the

north, we leave the granite,

which is coarsely crystalline and
unfoliated, and, on the other side

of the road, come to mica-schist,

containing a mineral which
Prof. Bonney thinks may be allied

to kyanite, and he agrees with

me that this mineral may be the

result of contact-alteration. This

rock dips north-westerly, and is

followed by quartzose schists

highly contorted, and penetrated

by a vein of fine-grained granitoid

rock. Then follow in succession

friable schists, a thin, band of

limestone, and lead- coloured

mica-schists, repeated again and

aa-ain bv folding and fracture till
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we come to the Errigal quartzite. The secondary contortion is at some
points very great, and the numerous disturbances render the reading

of the ground somewhat perplexing. The schists and limestones

are penetrated by several quartz veins and a dyke of dolerite.

Similar schists, especially the quartzose and lead-coloured varieties,

occupy much of the ground as far west as the sea, and crystalline

limestone also occurs near the coast. In fine, I can see no reason

whatever for separating the schists east of Errigal from those to the

west, and assigning the former to the Laurentian system. There

may be a fault between the Dunlewy schists and the Errigal quart-

zite ; but this does not afford sufficient ground for evolving a second

formation out of a section which, from Dunlewy to the Atlantic,

displays alternations of similar rocks.

The three sections thus described supply the main evidence which
has been relied upon for proving that the granite has resulted from

the metamorphism of sediments, that it is associated with certain

schists and limestones, supposed to be of the same age, and sepa-

rated by a fault on the west and an unconformity on the east, from
similar schists and limestones which have been called " Silurian."

The facts adduced by me appear to favour the hypothesis that the

schists on both sides of the granite are of (approximately) the same
epoch, and that the granite has been intruded as an igneous mass.

Further evidence of the igneous origin of the granite is supplied by
the descriptions which follow.

Ground round Bunbeg.

At Dunlewy (fig. 3) the western margin of the granite turns round

and strikes to the west for several miles ; but towards the coast the

granite projects to the north in a second tongue, near the base of

which Bunbeg is situated. The rock about this village is coarsely

crystalline, and, so far as I could ascertain, destitute of foliation.

Several masses of quartz-schist, some of, perhaps, an acre in area,

others mere hand-specimens, are immersed in this granite, which

also sends veins into the schist, and sometimes overlies it. Lime-

stones also occur, and have undergone great alteration near the

igneous rock. A very interesting combination of facts is seen in a

low, flat-topped elevation, situated near the " e " of " Bunbeg " on

the Ordnance Map. The western escarpment presents a face of

bedded limestone, highly crystalline and very full of garnets, some

seams being crowded with large, well-formed, brownish-red crystals,

while others consist of garnet-rock. The bed at the base of the

section, in presumed proximity to the granite, is a melange of

minerals, amongst which Prof. Bonney recognizes garnet, more than

one member of the hornblende group, and perhaps staurolite. I

have little doubt that these minerals are produced by the contact of

the granite. Eock is covered between the limestone and the eastern

end of the monticule. Here quartz-schist crops out in a low cliff,

at the top of which a vein of granite is very clearly seen to pene-

trate and overlie the schist. As the limestone and schist both dip

at a low easterly angle, there is probably a fault between them,
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and this weak point may have permitted the intrusion of the granite.

The schists of this locality have usually an easterly dip, and are

frequently intensely contorted.

That this granite is intrusive is perfectly certain, and there is no
doubt that it is continuous with the promontory of gneissic granite.

Granite of Dunaff Head and Malin Head.

South-east of Dunaff Head rock is well exposed on the flat bare

shore. For some miles to the S.E. the region is occupied by quart-

zite ; but north of Lenan Head granite comes in, appearing amidst

the quartzite in irregular masses and sending out veins. On the

same strike, to the N.E., granite is exposed on the south side of

Malin Head, and is clearly intrusive in the quartzite of the district.

Prof. Bonney has examined microscopic sections of granite from

all the localities described, except the last, and he is of opinion that

they " exhibit traces of an original igneous structure, which appears

to have been much modified at a later time."

4. The Foliation in the Geanite.

It seems to have been generally assumed that the presence of a

gneissic structure in a rock is a certain proof of its metamorphic
origin ; but this opinion has never been justified by facts. There is

no apriori reason why an intrusive igneous rock should not be foliated.

Of late years we have acquired larger views of the eff'ects produced

by pressure. A lateral force which could thrust regional masses of

Hebridean gneiss over newer rocks to the breadth of a mile, and
squeeze a north-western into a north-eastern strike along a line of

many miles in length, may well be capable of producing a foliated

structure in a band of granite some three or four miles in width.

Certain parts of the Donegal granite mass are incontestably in-

trusive in the schists. Which view, then, must we adopt : that the

granite is igneous, with a gneissic structure subsequently superin-

duced ; or that it was originally part of a mass of bedded sediments,

some portions of which have been heated to the point of fusion ?

As the question is one of considerable theoretical interest, a careful

review of the evidence is desirable.

Arguments * for the Metamorphic Origin of the Granite.

(1) The Granite is " gneissose in character."

This fact I hold to be consistent with the igneous theory,

(2) It occurs " in thin beds corresponding to the bedding of the

stratified rocks of the district."

If this means that the strike of the foliated granite corresponds

with the strike of the district, it is sufficient to say that this would
also be the case on my hypothesis. But if these words imply that

the granite is truly stratified, I reply that, in the typical section at

Barnesbeg Gap, the granite lies between the masses of schist, not in

beds, but with the irregularity of an intrusive rock.

(3) In the granite oligoclase occurs associated with quartz. This

* R. H, Scott, Journ, Geol. Soc Dubl. vol. ix.
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would be " hardly possible," if the rock had been in a " state of

simple fusion." But the ^anite has been in a state of fusion on

either hypothesis, and yet the oligoclase in the presence of quartz

has declined to pass into a more acidic felspar. Whether or not the

granite was once stratified rock does not matter if fusion has actually

been produced.

But the evidence which Mr. Scott most strongly urges is that

—

(4) " Far within the limits of the granite " occur " isolated patches

of metamorphic rock, not lying on the granite, but in it."

This fact is in perfect harmony with the igneous theory. "Why
should not fragments of rock sink down into a molten mass ? Or
why shonld not fused matter rise up round masses of schist ? If

the granite was squeezed up through rocks which were traversed by
faults and joints, it would probably carry up some masses before it

and become entangled amongst others. The former would be the

first to be removed by denudation, so as to expose the subjacent

granite, amidst which fragments of the stratified rocks would be

preserved.

The Author's Objections to the Metamorphic Hypothesis.

(1) If the granite is simply a metamorphosed portion of a mass
originally sedimentary, we should expect to find it graduating into

the adjacent schists and limestones. But I have been unable to detect

the least evidence of such a passage. The numerous junctions I have

seen have been quite distinct, or there has been a slight welding to-

gether of the two rocks. Prof. Bouney has microscopically examined
sections selected by me as showing the contact of granite with schist

—one from Bunbeg, where the granite is unfoliated, and one from
Barnesbeg Gap, in the foliated region—and he quite agrees with my
interpretation. At Bunbeg pieces of schist no larger than a man's
hand are immersed in granite, yet their margins are quite sharp.

This surely would be an impossibility if these fragments were merely

the unmelted remnants of a series which had undergone partial

fusion. On the other hand, these appearances are not uncommon
where igneous rocks have been intruded into stratified rocks. For
example, on the same coast, near Horn Head, the diorite at one spot

is crowded with fragments of contorted schist.

(2) A. uniform mass of granite could not have been produced by
the fusion of a varied series of strata, including quartzite, quartz-

schist, micaceous and hornblendic schists, and limestones. There
would surely be bands in the granite corresponding with the mate-
rials out of which they were formed. The chemist, too, would be
curious to know how granite could be produced by the melting of

quartzite, or limestone, or hornblende-schist. I admit variations in

the granite, but these give no support to the metamorphic hypothesis.

Thus, the granite of Barnesbeg Gap, associated with micaceous and
hornblendic schists, is mainly composed of quartz and orthoclase

;

while in the granite of Dunaff Head, surrrounded by quartzite, pla-

gioclase predominates, and there is a fair amount of mica.
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Possible Explanations of the G^ieissic Structure.

There appear to be three possible causes of the foliation :

—

(1) Elow-structure. The foliated granite may be regarded as a
hnge dyke. As the molten rock was being slowly forced up the
great fissure in which it lies, its motion would be more rapid in the

middle than at the sides. This might give rise to a vertical fluxion-

structure, on which foliation was subsequently induced.

(2) Pressure during consolidation.

(3) Pressure after consolidation. This hypothesis may take two
forms :

—
(a) Cleavage with superinduced foliation. The gneissic structure

is nearh^ vertical and as regular as cleavage. We know that rocks

may be cleaved, and that cleaved rocks may become foliated. In
this case there would be two periods of crystallization, the first when
the granite consolidated, the second when there was a redeposition

of minerals in accordance with cleavage-planes.

(h) Pressure-foliation. Prof. Bonney, from microscopical exami-
nation, informs me that the granites exhibit signs of great crushing,

by which the original structure has been " much modified." I have
already (p. 228) suggested that the foliation is probably due to

lateral thrust ; but I am not prepared, without a more elaborate study

of the ground than I was able to give, to pronounce an opinion on

the exact mode of operation. The evidence for the existence of the

required pressure will be more satisfactorily estimated when the

schists have been described.

II. The Schistose Eocks.

These may be separated into two groups :

—

(1) LougJi-Foyle Series.—Semicrystalline : consisting of quartzose

grits ; quartzite with distinct traces of fragmental structure ; fine-

grained schists, some of them black ; shaly and slaty beds ; crystal-

line limestone and compact dolomite. Usual dip north-westerly.

Well exposed in that part of the Inishowen peninsula which lies west

of Lough Eoyle. The following extracts from Prof. Bonney's notes

will be seen to be confirmatory of the above description :

—

" schistose rock ;" " might even be a phyllite ;" "fragmental struc-

ture still conspicuous ;
" " schistose slate ;

" " fragmental structure

very marked."

(2) Kilmacrenan Series.—Crystalline : consisting of true quartzites,

quartz-schists, mica-schists, hornblende-schists, schists with hydro-

magnesian silicates, and crystalline limestones. Dip south-easterly.

Occupying a large part of the district or barony of Kilmacrenan,

lying to the west of the village of that name. Prof. Bonney, in

reference to these rocks, writes :
—" I should quite agree to the idea

of these, or the bulk of these, being old rocks. The majority, how-
ever, do not seem of the oldest type." Some of the most typical

varieties are described by Prof. Bonney as " mica-schist," " idem,

with garnets," " idem, with probably some chlorite or hornblende,"

" hornblende-schist," of " the Lizard " type, " idem, with garnet and
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chlorite," " crystalline limestone, with garnet," " calcareons schist,

with some quartz and mica."

Some account of the distribution and relations of the above

groups will be given in the following paragraphs.

Section from Londonderry to Dunaff Head (fig. 5, p. 235).

This line passes from S.S.E. to X.X.W. across a band of about 20

miles in breadth, striking to the S.^\ The Lough-Foyle series occu-

pies the south-eastern side of the zone, and is 13 miles broad. The
"remainder of the breadth is covered by the upper part of the crystal-

line group.

Drumahoe Quarry (two miles E.S.E. of Derry).—The quarry-

section is now partly obscured by debris, and rock is better seen in

and near the river-bed, where a fine-grained limestone, 3 ft. thick,

and some slaty bands, dip E.S.E. at 80°. I^ear the water-mill, a

little lower dovni the stream, are fine-grained bluish-grey schist and

altered quartzose grit, rather contorted, dipping at a low angle to

the l^.W. The schist is of the peculiar type so characteristic of the

hypometamorphic rocks of Anglesey. At first sight it might be taken

for shale or slate ; but looking more closely we see the surfaces of

the laminae glistening like the folia of a true mineralized schist.

This view is confirmed by the microscope. Prof. Bonney considers

the rock a schist of a late type, in which the fragmental structure

is still conspicuous. I call special attention to this variety, because

it predominates throughout the newer Archaean rocks of Ireland,

wherever I have seen them.

LondondeiTy.—j^ear the east end of the Eoyle Bridge there is a

large quarry of normal hypometamorphic schist, dipping jN".W. at

60°. On the west side of the river, in the Strand, the rock is a

quartzose grit, separated into thin seams by folia of mica, and is

highly suggestive of the " foliated grit " of Melin pant y Gwyda *,

in Anglesey. About two miles north of the city, east of Summer
House, there is a good exposure of similar schistose grit in a small

quarry. The beds are puckered into gentle undulations, such as

might be mistaken for ripple-marks. A mile and a quarter due west

of this section, in some large quarries on the Buncrana Road, is an

extensive exposure of rock which differs from the preceding only

varietally. The gritty materials, consisting of quartz and felspar,

are very clearly fragmental. The schist is very fine-grained, often

occurring as mere flakes in the grit, sometimes in regular seams.

The dip of the rocks hitherto examined west of Londonderry is

usuaUy jS^.N.W.

Cashel Hill.—This elevation, four miles N.W. of the last locality,

is the spur which terminates Scalp ]^Iountain on the S.W. The
rock is of grit, arranged in thin regular seams, and little of the

schistose material is present. The bedding, a little contorted, dips

jS'.jST.W. at from 30° to 60"^. This grit passes down through gritty

beds with schistose interlaminations into intensely contorted satiny

schist, in folia so thin that, but for the micaceous lustre, we should

* Quart. Journ. Geol. Soc. (May 1881), vol. xxxvii. pp. 222, 234.
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call it shale. Some of it is black. Lower down the slope, in the

quarry west of Burnfoot, we have grit and black schist closely inter-

foliated, the folds being reflexed to the S.E. Some of the grit is

massive, and its contortion can sometimes only be determined by
observing the behaviour of the associated schists.

Shore north of Pahan Station.—At Pahan we reach Lough Swilly,

and our section keeps to the eastern margin of this picturesque arm
of the sea up to Dunaif Head. Rock is well exposed on the shore,

grits and black schist being still the prevailing types. Some of the

latter is still more modern-looking than at Cashel Hill, and Prof.

Bonney agrees in thinking it is not far removed from phyllite. The
beds stand at very high angles to both 'NAY. and S.E., and are

sometimes vertical. The evidence of lateral thrust is very pro-

nounced. The strata are not only crumpled into numerous folds,

but in some places are crushed into masses of angular fragments

thrown together with their divisional planes lying at all angles.

This pressure is not evenly distributed. Por example, the grit in

one place is normal, differing only from a Palaeozoic grit in the

mineralization, entire or partial, of the matrix ; but at a little dis-

tance, where the crushing and contortion are more intense, the parti-

cles of grit are flattened, and strong folia of a silvery mineral (? talc)

come in between them, so that the rock approaches a schist in struc-

ture. It is not difficult to understand that if the squeezing process

were carried still further, the fragmental structure might be entirely

obliterated, and a true schist be formed. This suggestive case is

not unlike examples I have already described elsewhere*, where the

thrust of the Caledonian gneiss in Sutherland has converted quartzite

into quartz-schist. The overthrust in this locality is to the N.W.,
and the same fact is to be observed at Buncrana, about two miles

further on.

I did not see any limestone in the section between Derry and
Buncrana ; but the Culdaff limestone is on the strike of the rocks

east of Buncrana, and pieces of it, as well as of a similar variety at

Hlies, near Buncrana, have been kmdty furnished me by Mr. R. J.

Cruise, of the Irish Geological Survey. These limestones are dark

bluish-grey in colour, and are intermediate in degree of crystallization

between the Drumahoe limestone and the limestones of the crystal-

line schistose series.

Between Buncrana Bay and Ballynarry Bay.—We commence this

part of our section at jSTed's Point. Again we come upon the black

schist. It is here associated with a hard quartzose grit and a

quartzose micaceous schist. The dip for some distance is to the

N.W. at 20°-30°. The same beds are repeated again and again in

a succession of reversed faults of the structure represented in fig. 4,

a bed of grit, underlain by a seam of the black schist or phyllite,

resting unconformably upon a coarse schistose rock, dipping at a

high angle in the same direction. Sometimes black schist is wanting,

and the grit is in contact with the coarse schist. In one place a

seam of the last-named rock is bent into a series of Y-shaped folds,

^ Geol. Mag. Dec. 3, vol. i. p. 221.
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while a bed of grit in contact with it remains nncontorted, The
grit-bands and coarser schists occupy the shore to Porthaw. Here

the dip changes to 8.E., with much contortion and frequent intru-

sion of quartz-veins.

Fig. 4.

—

Thrust-plane.

S.E. N.W.

At Hegarty 's Eock the strata are largely of quartzose grit. Quartzite

comes in for the first time. It differs from the quartzites of the

crystalline series in presenting even to the naked eye evidence of

fragmeiital structure in the occasional occurrence of angular grains

of quartz. The strata of grit and quartzite dip at a low angle to

the iS^.W., and each bed is sharply cleaved for a distance of several

inches from the surface inwards. J^orth of Hegarty's Eock, the

succession is clear, the grit being overlain by the quartzite, and the

quartzite by the fine and coarse schists, the whole undulating at

a gentle angle to the IN'.W. The beds then lie in a low broad anti-

clinal arch ; but the oblique foliation of some of the seams of schist

points to the continued action of lateral thrust. Towards Ballynarry

Bay the strata begin to rise to the iN'.W., and the outcrops terminate

at the sands of the bay in a considerable thickness of quartzose beds

and thin schistose bands, the whole dipping to the S.E.

This brings us to the north-western edge of the subcrystalline

band. We have seen that at the eastern side fine-grained schists

and schistose grits prevail. West of these we have more massive

grits and black phyllites or schists ; and further west similar types

are again seen, associated with quartzites and quartzose schists.

The state of alteration is tolerably uniform from east to west, the

beds which exhibit the least crystailizatioii being perhaps the black

schists, occurring most conspicuously in about the centre of the

traverse. The dip being usually to the ^.W. and IST.N.W., the

thickness might seem to be considerable ; but there appears to be

frequent repetition by both folding and faulting, the folds at first

being thrown over to the S.E., then to the IsT.W., and again to

the S.E. This alternation of thrusts would be explained if we
supposed each series of folds whose axes dipped in the same direction

to occupy one slope of a large monocline. Though the thickness

of strata may not be great, there is sufficient variation from east

to west to show that the same beds are not repeated throughout
the traverse. With my scanty knowledge of these rocks, I cannot
say what is the true order of the strata ; but I am disposed to think

that the succession rises from west to east. The beds at the western
margin of the subcrystalline band dip away from the metamorphic
series, but I do not ascribe decisive weight to this evidence.

Between Ballynarry Bay and Dunree Head.—The bay is about
haK a mile wide, its south-eastern boundary being formed of the
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rocks just described, while along the north-western side runs a wall

of strata of the metamorphic group. The only rock which appears

in the interval is a mass of coarse diorite, which projects from the

sands about midway between the two schistose series. In this line

of section, then, the two groups are separated by igneous rock,

apparently an intrusive mass.

Continuing the section, we find the beds for the first half-mile

lying anticlinally, and consisting of quartzites of the older type,

quartz-schist, mica-schist, and subordinate bands of chloritic or

talcose schist. We then come in succession to quartz-schist "WT-th

garnets, talcose or chloritic schist, and a considerable thickness of

quartzose schist. A mass of diorite next appears. Beyond this is

a beautiful silvery schist, underlain by a black variety, much more
strongly foliated than the black schist of the younger group. Then,

for a considerable distance, the prevailing rock is green micaceous

and talcose schist*. These rocks I followed to within a mile and a

half of Dunree Head. The dip of most of the above schists is to

the S.E., and there is frequent contortion.. I was prevented from
visiting the section beyond ; but the rocks on the same strike to the

N.E. and S.W. are quartz-schists.

Prom Dunree Head to Dunafi" Head.—Dunree Head terminates

the quartzite range over which the pass of Mamore is carried. It

is composed of easterly-dipping quartzite, and the same rock forms

the precipices which overhang Lough Svnlly for nearly three miles to

the north, and again appears in Lenan Head, north of which the

granite soon comes in, and is continued to Dunaff Head. Mr.

Cruise informed me that this fine headland is composed of granite

and quartzite.

The superficial appearance presented to us by the traverse N.W.
of Ba%narry Bay is that of a considerable thickness of quartzite,

overlain by a great succession of quartzose, micaceous, and talcose

or chloritic schists. This series is certainly quite distinct from the

rocks between Buncrana and Derry. It nowhere presents under

the pocket-lens, so far as I have seen, any traces of a clastic struc-

ture. The schists are well foliated. They do not, indeed, suggest

the highly crystalline rocks of the Hebridean system, but they are

on the other hand easily distinguished from the partially minerahzed

schists of the Lough-Fojde series.

It is also to be noted that, while the older rocks dip almost uni-

formly to the S.E., the dip of the Lough-Eoyle group is north-

westerly. That this is not a true sj^nclinal structure is evident from

the great dissimilarity between the rocks of the two sides of the

apparent basin.

Section from Malin to Malin Head.

This traverse is substantially the same as that part of the last

section which passes over the older series. Between the village of

Malin and the quartzites of the west coast, a breadth of about three

* I do not commit myself to a definite opinion on the exact mineral nature

of some of the schists of this region.



SCHISTOSE ROCKS OF NORTHERN DONEGAL. 235

Dunfanagliy,

,f
^^

'i ^/\ _ - _ laugher
S" Y/m Upper.

'/ij

Pj ^v Ballymore.

Ol

I b
S

f-
g^
?Q
->•

Q <si
hi
fl> <?<.

n> o
OD

1 ^fe5
? CD 2?-

P S
"^i
t=^a

f Si
(R g/=r

CD /^-s

P H
^^ tr-

Q
P^
O
c+-

O.
O
t̂-S

ĈD
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miles, we have the micaceous and talcose (or chloritic) schists.

They are frequentlY folded, and in addition are intensely crumpled
in numerous small contortions. The dips are alternately X.W. and
S.E., but sometimes there is more north or south in them. These
schists are frequently penetrated by intrusive diorite. Towards
Lag, quartz-schist and quartzite come in, and quartzose rocks are

found as far west as Mahn Head.
. The rocks of Malin Head are on the strike of the quartzite^ of

Dunaff Bay, and are composed of quartzite and quartz-schist.

They are bent into an anticline, well seen at Esky Bay. On the

south side of the headland, I saw a mass of hornblende-schist, which
had apparently been forced up amongst the quartzites by the intru-

sion of the granite. The extremity of the Head, which is the most
northerly point of Ireland, is coroposed of flaggy quartz-schists,

greatly contorted, plunging vertically down to the west.

Comparing the mica- schists of this traverse with the similar rocks

in the last section, we find the alternating dips west of Malin
represented on Lough Swilly by a tolerably uniform dip to the S.E.

The great apparent thickness of strata on Lough Swilly may there-

fore be explained by repetition.

Section between the Granite of Croagli and the Diorite of Horn
Head {Dimfanaghy), (Pig. 6, p. 235.)

The metamorphic rocks of Lough Swilly and Malin are only the

upper portion of an extensive succession. Lf the quartzite of Dunree
Head be followed on the strike to the S.W., it is seen to coincide

with the quartzite ridge of Lough Salt, where it is underlain

(p. 224) by schists and limestone. These are the lowest rocks east

of the granite promontory'.

West of the granite of Croagh, we pass through a succession of

micaceous and hornblendic schists, underlain at Lough Xatooey South

by bedded crystalline limestone with seams of mica and some quartz,

the dips being usually to the S.S.E. at 80". There is a general

resemblance between these rocks and those east of the granite, but

the dip is much higher and is occasionally vertical.

At Creeslough there is an apparent thickness of several hundred

feet of well-foliated mica-schist, dipping conformably with the pre-

ceding rocks. Omitting numerous masses of diorite, we find the

following descending succession between Creeslough and the coast.

Stream east of Derryharriff.—Mica-schist of the lustre and colour

of black lead.

South of the E. C. Chapel at Doocashel.—Similar schists, diiDping

S.S.E. at various angles, some low.

East of Chapel.—Quartzite with low S.S.E. dip.

Bridge south of Ballymore Church.—Quarry of coarsely crystalline

massive limestone. Colour white; some bands blue: the former

sometimes with folia of mica. Dip S.E. at 40°-50^,

Eoad north-west of Church.—Quartzite with low dip or horizontal;

in places greatly contorted.

South of Faugher Upper.— Quartzite.
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Faugher Upper.—Crystalline limestone like the beds south of

BalJymore. Dip at a low angle to S.S.E., passing below the

quartzite. This limestone is continued along the road to Dunfanaghy
for about a mile.

Bound Dunfanaghy.—Quartz-schist is almost the only bedded
rock which appears below the limestone. It is well seen in the

shore, west of the town ; in quarries one mile to the S.S.W. ; in

Dooms Point ; and in parts of Horn Head. Near Horn Head House,
to the N.jST.E., the schist in a hillock presents a fan-shaped arrange-

ment. Elsewhere the schist dips at low angles, and is apparently

conformable to the limestone.

The apparent descending succession in the metamorphic series is

thus summarized :

—

1

.

Micaceous schist of Lough Swilly.

2. Quartzite of Lough Swilly and Lough Salt.

3. Schists (hornblendic and micaceous) and limestones of Lough Greenan.
4. Similar rocks west of Croagh.

5. JVIica-schist of Creeslough.

6. Lead-coloured schists south ofDoocashel.

7. Q.uart^ite of Doocashel.

8. Crystalline limestone south of Ballymore.

9. Quartzite N.W . of Ballymore.

10. Crystalline limestone of Faugher Upper.
11. Quartz-schists of Dunfanaghy.

We have seen (p. 236) that in Malin Head the granite

occupies the core of an anticlinal fold, with vertical strata in the

western limb, as if there had been a thrust from the east. In the

last section, too, the strata on each side of the granite are similar,

and the rocks on the west side are nearly vertical ; but I cannot
venture with my present information to say that the same structure

exists in both cases, though the matter is one which it would not

be difficult to determine.

Section hetween the Granite north of Dunleiuy Church and the

Granite at Bunheg.

This section is drawn across the same rocks as in the last tra-

verse, at a distance of about 12 miles to the S.W. We are here

near the broadened base of the granite promontory, and the con-

tinuation of the beds of schist west of Croagh is apparently cut out

by it. The following is the probable succession :

—

1. Dunlewy schists
;
possibly representing the Creeslough series.

2. Quartzite of Errigal ; apparently on the strike of the quartzite at Doo-
cashel.

3. Lead-coloured schists at Bunaninver Bridge.

4. Quartz-schist between Gweedore Hotel and the western granite, and
crystalline limestone at Bunbeg, probably on the horizon of the rocks
round Dunfanaghy.

It is interesting to note that the Dunlewy schists dip to the

N.W., that is, in the opposite direction to their presumed equiva-

lents near Creeslough. This fact illustrates the difficulty, in these

disturbed regions, of determining the original position of the beds.

Q. J. G. S. No. 162. s



238 C. CALLAWAY OlS^ TEE GEAiJflTIC AISD

III. Peooe op Lateeal Theust.

From the preceding descriptions, it will be seen that there are

two prevailing strikes in this region, one to the W.S.W., the other

to the S.W., and that these 'strikes are found in both groups.

In Sg. 5, the strike of the Lough-Foyle series is W.S.W., between
Londonderry and Cashel HiLl ; but between Fahan and Ballynarry

Bay it is S.W., and this is the strike of the older series right up to

the granite, and in the granite itself.

West of Malin the older schists strike sometimes W.S.W. and
sometimes S.W. ; but in the quartzose series further west the strike

is S.W.
In the Kilmacrenan section (fig. 6 ), the trend is aLnost uni-

formly to the W.S.W. from the granite to the west coast.

These observations are corroborated by an interesting section in

Croaghmore, a mountain W.J^.W. of Letterkenny. This elevation

trends east and west, in agreement with the strike of the strata,

which consist of strong mica-schists dipping steadily to the north,

with perhaps a few degrees of west. jS'ear the summit the schists

form a low escarpment facing to the south, and these scarp-faces

display intense contortions, with small folds reflexed to the east.

These two systems of folding must have been produced by earth-

thrusts acting in different directions and at different epochs.

The facts indicated do not suffice for a complete induction, but

they are enough for my purpose. During one of the periods of

contortion, the thrust came from the S.E. or the jST.W., probably the

former. This pressure was capable of producing the foliation in

the granite and the south-west strike in the schists on its eastern

side ; for, as we have seen, it was violent enough to squeeze hard

grits into schist-like rocks, to crush strata into masses of angular

fragments with the divisional planes Ijmg in all directions, to pro-

duce cleavage in coarse grits, to contort rocks into closely appressed

folds, to throw over the folds, and sometimes to give rise to thrust-

planes. It was probably during this important corrugation of the

crust that the granite was squeezed up from below. At any rate,

the lateral thrust easily accounts for the gneissic structure, which
may have been in part acquired during the extravasation and com-
pleted after consolidation by a continuance of the pressure, or

entirely produced after consolidation.

The production of regional foliation by pressure in the case of the

Donegal granite may have an important bearing upon the origin of

the crystalline schists.

The Rev. E. Hill, F.Gr.S., has called attention* to a gneissic

structure in the granite of Guernsey and made a similar suggestion

in reference to some gneisses.

SUMMAEY OF EeSCXTS.

1. The granitic rock of northern Donegal, originally supposed to

be the result of the metamorphism of sediments, and recently re-

* Quart. Journ. Geol. Soc. vol. xl. p. 419.
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ferred to the Laurentian system, is a true igneous granite, as seen in

its intrusion into the adjacent schists, in its inclusion of masses

and fragments of other rocks, and in its metamorphic action on
limestone in contact.

2. This granite is distinctly foliated, the gneissic structure being

caused by lateral pressure (probably from the south-east), of which
there is evidence in the marked cleavage and intense contortion of

strata, in their occasional fractured and crushed condition, and in

the frequent overthrow of folds and overthrust of faulted masses.

3. The granite is intrusive in a thick group of quartzites, quartz-

schists, hornblendic, micaceous, and talcose (?) schists, and crys-

talline limestones, called the Kilmacrenan Series. These rocks are

truly crystalline, but usually thin-bedded and fine-grained.

4. The cr5'stalline schists are bounded on the east by a semi-

crystalline series, consisting of quartzose grits and itacolumites,

quartzites, crystalline limestones, compact dolomites, phyllites, inter-

laminations of grit and schistose matter, and finely foliated micaceous

schists. These may be designated the Lough-Foyle Series.

DlSCTTSSION *.

Mr. Etjilet remarked that there seemed to be no greater reason

for surprise at the inclusion of large masses of schists &c. in intrusive

granite than at the occurrence of small fragments, or " horses," in

dykes. In connexion with the change of limestone into garnets,

he inquired whether the limestone was siliceous or aluminous. He
also objected to the use of the term " mineralized grit," and inquired

what was to be understood by it. He doubted whether Dr. Sterry

Hunt's correlations ought to be accepted in the present instance.

Mr. E. H. Scott bad hardly expected his paper to be exhumed
after the lapse of twenty-two years. He objected to the title of

Dr. Callaway's paper ; it should have been on part of the north-

west of Donegal instead of on the whole county. The granite of

Barnesmore was of a diff'erent type from that of the district

described in this paper, which is similar to that of Argyllshire.

When he had worked upon these granites microscopic examination

of rocks was not so well understood as it now is ; and he could not

investigate the rock thoroughly. He had not assigned any parti-

cular age to the granite, and he had expressly alluded to intrusive

veins, though he considered the rock to be metamorphic. There

were similar beds north-west and south-east of the granite in the

north, showing a possible anticlinal. He remarked that Dr.

Callaway would find work to do in the south of the county

and eastward in Tyrone. There are similar altered rocks through-

out this region, passing on to fossiliferous beds. There are two

* Portions of this discussion relate to certain views, as to the correlation of

the rocks described, which were put forward at the conclusion of the paper, but

which were subsequently withdrawn by the author.
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types of granite in the main granite district, one with two felspars,

the other white like an elvan, and containing sphene. This latter

appears in the island of Arranmore. There is a totally different

granite further south, near Barnesmore, and that does not exercise

metamorphic action on the neighbouring rocks. In conclusion, he

inquired, What relation did the beds in Wexford bear to the Silu-

rian near Enniscorthy ?

Mr. Teall said that the two portions of the paper struck him
very differently. The first portion evidently contained a very in-

teresting record of carefully observed facts, the second portion dealt

with the correlation of the schists of the district with those of other

localities,—the only evidence for such correlation being a certain

lithological resemblance. He was extremely sceptical about the

possibility of determining the chronological relations of such rocks in

this way, and believed that some of the characters relied upon were
merely structural and mineralogical peculiarities, dependent upon the

mechanical actions which determine regional metamorphism. The
eruptive origin of certain foliated rocks had been clearly established

by Darwin, Forbes, Kjerulf, Lehmann, and many other observers.

The development of micaceous minerals in connexion with regional

metamorphism was a common feature ; and he especially referred to

the gneissose flagstones and associated schists of the north-west of

Scotland. The mica in these schists appeared to be developed at

the expense of felspar. In some cases " eyes " of felspar remained,

while in the more perfect schists these were almost if not entirely

absent. A quartz-felspar grit, such as the Torridon Sandstone, if

subjected to regional metamorphism, might thus be readily con-

verted into a mica-schist, and he was strongly inclined to think

that some of the eastern schists had been made in this way.
The Lough-Foyle and Kilmacrenan series of the author were
evidently the result of regional metamorphism, and possibly many
original groups had been involved in the actron.

Mr. Blanfoed mentioned that some interesting evidence had
recently been brought forward by Colonel M*^Mahon, showing that

certain Himalayan gneisses were intrusive. If the differences

between the Lough-Foyle rocks and the Pebidian of St. David's were

such that these two could not have been identified by mineral

characters unless connecting links had occurred in Wicklow and
Anglesey, was it not absurd to endeavour to identify either of them
with beds in I*^orth America? The determination of the age of

rocks in distant countries by mineral characters had formerly been

applied to sedimentary beds, then to igneous ; it had long been

abandoned in the former, and was gradually being given up in the

latter, and there was much reason for caution in applying the same

key to ancient altered formations, the succession in which was often

very obscure.

Mr. Mare considered that, in order for the correlation to be

safe, the Pebidian must be traced across ; but vulcanicity continued

up to and throughout Cambrian times, so that Cambrian rocks, if

altered, would be undistinguishable from the Pebidian.
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The President said that he had been unable to examine the spe-

cimens in minute detail, but had carefully looked through them.

Of the so-called granites, seven out of eight were certainly, and
the remaining one probably, granites. They gave indication of

considerable crushing since their first crystallization. Of other

rocks there was good evidence of two series, one agreeing in

general characters with Scotch schists, the other with the Pebidian

of Wales. He doubted Mr. Teall's evidence of the production of

all schists by crushing. As regards mineral character, he thought

that the general condition and amount of alteration of rocks, rather

than their actual mineral composition, should be employed for

correlation.

The Author, in reply, suggested that the production of the

garnets in the limestone might be due to a chemical action of water

from the granite in contact. He regarded a grit as " mineralized
"

when distinct mineral folia had been produced between the grains.

The omission of the word " jSTorthern " before " Donegal " in the

title of his paper was an oversight, which he would correct. He
had not attempted to definitely correlate the Donegal rocks with

any American system, but had merely pointed out certain litholo-

gical analogies. His identification of Pebidian rocks in Ireland had
not been based only on lithological affinities, but he had specially

insisted on their state of crystallization and upon the fact that in

Wexford they occurred side by side with unaltered Cambrian and
Ordovician sediments, separated from them by sharp lines. The
difficulties suggested by some of his critics would, he thought, be

removed if it were remembered that in some of the British localities

the Pebidian rocks were mainly of volcanic origin. He had com-
pared the Lough-Poyle series with the British Pebidian in the non-

volcanic districts.
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25. Oil a Skull of Otibos iioscHATrs from the SEA-BoiTOii. By
W. BoTJ) Dawkixs, Esq., M.A., F.R.S., P.G.>S.,, Professor of

Geology and Palgeontology in the Yictoria University. (Bead

February 25, 1885.)

In a discussion on my essay " On the alleged Existence of Ovibos

moscliatas in the Porest-bed, and its Range in Space and Time " *,

doubts were thrown on the specimen on which the paper was
founded as having really been derived from the Porest-bed. On the

one hand it was argued by Prof. Prestwich that it was possibly

derived from some newer deposit, and on the other by ^r. Evans
that it was a dredged specimen. Since the publication of the paper
Mr. Clement Peid has carefully re-examined the specimen, and
agrees with me in concluding from the matrix that it is "a genuine
Porest-bed specimen," and that it has not been dredged t. The
interest attaching to the discovery of so arctic a species in the

Forest-bed has led me to search for further evidence, and the search

has resulted in the discovery of another skull, which is the proxi-

mate cause of this communication.

Shortly after the publication of my essay on Ovibos moschatus in

the Journal of the Society, Professor Newton told me of the existence

of an undescribed specimen of Ovibos in the University Museum of

Zoology and Comparative Anatomy at Cambridge. Mr. J. W. Clarke

has been kind enough to send it to me with the accompanjdng note.
" My assistant saw it hanging up outside a general store and curi-

osity shop in Barnwell, and gave 2s. 6d. for it. The proprietor of

the establishment could give no account of it." An examination of

it, however, leaves no doubt on my mind as to its derivation. It is

highly impregnated with peroxide of iron, and in one spot between
the horn-cores showed traces of the red sand matrix of the Porest-

bed. It is stained deep red, as is generally the case with speci-

mens which have been washed out of the Porest-bed and exposed

for some time to the sea-water, and it had evidently been at the

bottom of the sea for some time, since it is incrusted in places with
Polyzoa. The fact, moreover, that these occur on the fractured sur-

faces proves that the specimen was lying at the bottom of the sea

as a fragment. Its sharp angles forbid the supposition that it has

been exposed to the dash of the sea on the shingle. In a word, it

possesses all the characters of specimens obtained by the fishermen

from the Xorth Sea off the coast of ]^orfolk and Suffolk, and which
have been washed out of the Porest-bed at a time when the cliffs now
so rapidly retreating were not far from the line of the Dogger Bank.

Between the Dogger Bank and the present cliffs of East Angha

* Quart. Journ. Geol. Soc. Nov. 1883, vol. xxxix. p. 581.

t " Through the kindness of Mr. Buxton, I have had an opportunity of ex-

amining the skull, and feel no doubt that it is a genuine Forest-bed specimen.

It is certainly not dredged ; for the angles are unworn, there are no marine
organisms on it, and the loose sand inside is not sea-sand. Under the micro-

scope the sandy matrix is exactly like the coarse quartz-sand of the Forest-bed,

and not like the sand of the glacial deposits or shore. A quartzite pebble im-
pacted in a cavity also agrees with the peculiar pebbles found in the Forest-

bed." Trans, of the Koi'folk and Suffolk Naturalists' Society, iii. p, 632.
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the sea-bottom is strewn with similar waifs and strays from the

Forest-bed, as may be seen by comparing it with a specimen on

the table from Mr. Coleman's collection at Gorton. When it is

further added that there is no othei: locality than that of the

Forest-bed series on record which has fnruished specimens possessed

of the above characters, there is, in my opinion, little room for doubt

that this specimen was derived from the Forest-bed, and dredged

from the bottom of the Xorth Sea, somewhere off the coast of East

Anglia.

The specimen in question consists of the coronal and frontal

portions of the shall with the horn-cores and the right orbit of an old

male jMusk-sheep. It has been fractured at the parieto-occipital

suture ; and the whole of the occiput and the greater part of the

basal region has been broken away so as to expose the upper part

of the brain-cavity, and to reveal the enormous thickness of the

frontals and parietals supporting the horn-cores, the parietal thickness

being 2-4 and the frontal 2-1 inches.

SJcull of Ovibos moschatus. Forest-bed.

(One fourth natural size.)

The horn-cores («, «, in figure) occupy nearly all the parietal

surface, nearly meeting in the median line of the frontals (6), and
sweep shar^Dly downwards at right angles to their coronal surface, as

is usually the case with old males of Ovibos moschatus. Thev are
deeply excavated on the upper surfaces for the insertion of the base
of the horns, far more deeply than in any skull of Musk-sheep which
I have examined, excepting the skull found in Eschscholtz Eay.

It is comparable to that of the fossil Ovihos cavifrons of Xorth
America described by Prof. Leidy *. The horn-cores, however, differ

* ' Smithsonian Contributions to Knowledge,' v. Article 3. Journ. Acad.
Nat. Sci. Philad. 2nd series, vii. p. 374. See also my British Pleistocene
Mammalia, Palseont. Soe. part v. chapter 5.



244 W. B. DAWKINS OX A SKULL OF OVIBOS MOSCHATUS.

from those of that species in the fact that they are not confluent in

the median line of the frontals, and do not extend in front as far as

the plane of the orbits in the median line, as well as in the abrupt

downward sweep of their extremities.

The principal measurements, as compared with other specimens,

are given in the following Table :

—

Measurements of Horn-cores of Ovibos moschatus.

Specimen
figured.

Pleistocene,

Crayford.

Eecent,

Brit. Mus.

Horn-cores, antero -posterior extent ... 6-5 in.

6-8

121
1-0

lo
0-41

9-0 in.

14-5

17-6

0-65

8-8 in.

14-5„ basal circum ference

interspace, beliind

,, „ in front

„ „ minimum

The frontals in front of the horn-cores are smooth, and the ridge

extending across the forehead in some old males from one supra-

orbital foramen to another is merely indicated by a gentle rise. In
concluding this notice, it only remains for me to add that the skull

is the ninth specimen of this rare fossil from British Pleistocene

deposits, and the second referable with high probability to the horizon

of the pre-glacial Forest-bed.

Discussioi^.

Mr. Clemei^t E-eid doubted whether the specimen described really

came from the Forest-bed. It looked more recent and was lighter-

coloured. He also called attention to the fact that the specimen

brought for comparison, and stated to be from the Forest-bed at

Pakefield, had on it traces of marine organisms, and a label

stating that it was dredged at a distance of 30 or 40 miles off

Southwold.

Dr. Woodward remarked that both the specimens exhibited

appeared to be from the Dogger Bank. More information was
required to determine whether these specimens were pre- or post-

glacial. At the same time the evidence collected by the Author was

of great importance.

Mr. E. T. ISTewtois" also doubted whether the age of these fossils

was satisfactorily established. Their appearance was insufficient to

determine that they came from the Forest-bed, because many fossils

have been referred in collections to this bed, which were really of

unknown derivation, especially certain specimens which were of a

dark colour outside and paler within. Specimens from the Dogger

Bank were generally heavier than those from the Forest-bed.

The Atjthoe, in reply said that the only point agreed upon seemed

to be that the specimen was dredged in the Korth Sea. During the

last twenty-five years he had studied the Mammalia of the Eastern

Counties, and was acquainted with the collections from the Dogger

Bank. These were less mineralized and lighter than- those of the

Forest-bed. The skull, in his belief, was identical in mineral condition

with undoubted Forest-bed specimens.
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26. On the Geologx of the Rio-Tinto Mixes, luith some Geisteral

Ee3IAR]is on the Pyritic Region of the Sierra Morena. By
J. H. Collins, Esq., F.G.S. (Read January 28, 1885.)

[Plate VI.]

1. Introduction.

The pyrites deposits of the Andevallo, as the mineral zone of the

south-western branch of the Sierra Morena is called, are certainly

the most extensive ever yet discovered. In addition to the world-

famous mines of Eio Tintoand Tharsis in Spain, and of San Domingos
in Portugal, they include many others of very considerable extent

and importance, yielding in the aggregate, at the present time, up-

wards of two and a half millions of tons of ore per annum*.
The deposits in question are included within a band of country

about 140 miles long and 30 miles wide, consisting for the most

part of Palaeozoic schists, now known to be principally, if not en-

tirely, of Upper Devonian age, but which are often very highly

metamorphosed locally into jasper, talc-schists, chiastolite-schists, &c.,

and are associated with quartz- and felspar-porphyries, diabase,

quartz- syenite, and granite. The mineral strata to the northward

abut against or rest upon the highly crystalline schists and gneissose

rocks of the Sierra Alta, which have been assigned to the Huronian
and even to the Laurentian period, while to the southward they are

overlain by Tertiary limestones and sandstones.

The chief mineral riches of this region consist of masses of cupri-

ferous pyrites, such as those so largely worked at the above-mentioned

mines ; but there are, in addition, numerous veins of manganese
ore, as well as of lead, copper, and zinc ores, some of which have

been worked occasionally to considerable advantage, while a very

large number of them could be so worked were the country more
opened up by railways and roads.

2. General Character and Associations of the Pyrites Deposits.

Commencing near Aznalcollar and Castillo de las Guardas, in the

province of Seville, the masses of pyrites succeed each other at short

intervals, proceeding westward through the middle of the province

of Huelva to San Domingos in Portugal t. The more important

masses are, however, contained within a much more circumscribed

zone, which is not more than three or four miles wide at the eastern

* The official statement in the ' Eeyista Minera' gives 1,720,853 tons as the

total production of the Spanish deposits in 1882, since wfiich there has been a

very considerable increase. In 1884 the mines of Eio Tinto alone produced

1,369,918 tons of ore, containing on an average 3-234 per cent, of copper.

t This region, besides supplying numerous tributaries to the rivers Gruadal-

quivir and G-uadiana, is the source of the considerable river Odiel, which, with

its chief tributary the Tinto, enters the sea at Huelva.

Q.J.G.S. No.163. T



246 J. H. coLLZN-s o:n the geology

extremity, but whicli divides into two branches in going westward,
the smaller and less important trending a little to the north of west
towards Aroche, while the greater passes to the south of west into

Portugal at San Domingos.
I do not propose to describe this extensive region here *, but the

description which follows of the Eio-Tinto district, and of the

relations of its mineral deposits to the country rocks, will apply

with very considerable accuracy to the whole region, allowance

being made for the greatly different extent of the various deposits.

The more important mineral masses throughout the region are very

frequently true " contact-deposits," and I believe the more closely

they are examined the more generally this will be found the case.

3. General Descrijption of the JRio-Tinto district.

Briefly the structure of this district may be described as under :

—

The greater portion of the countrj^ represented on the accompanjing
map (Plate YI.) consists of Palseozoic slates and schists, striking some
few degrees to the north of west, and dipping, for the most part,

steejDly to the northward. These slates have been pierced by in-

trusions of syenite, of diabase or dolerite, and of quartz-porphyry

and felspar-porphyry. Fissures have then been opened in these

rocks along lines of weakness, mostly determined by the junctions

of the porphyries with the slates, and these fissures have become
filled in their wider portions wdth rock debris or with pyrites. The
section fig. 2, Plate YL, shows the manner in which the various

rocks are convoluted and interstratified.

The Slates.—At and around the mines of Eio Tinto these are

xiertainly of Palseozoic age, but their exact geological horizon has only

lately been determined. At one time they were stated to be entirely

unfossiliferous ; then they were said to be Silurian f. Messrs. Pomer
and Wimmer consider them to be the equivalents of the culm-

measures J ; while Dr. Fraas, of Stuttgart, on the occasion of his

visit to the mines in 1883, came to the conclusion that they were of

Upper Devonian age, and this conclusion is fully borne out by the

examination which Dr. Etheridge has been kind enough to make of

the fossils which I obtained and submitted to him. Fossils are

tolerably abundant in several places in close proximity to the mineral

deposits. As might have been expected, they are usually much
crushed and distorted, yet it has been possible to determine several

species, the most common being Posidonomya Becheri, P. acuticosta,

P. lateralis (?), a Goniatite allied to G. suhsulcatus, and a j)lant

which may be a Sagenaria. Don Joaquin Tarin, in his memoir
published in 1878, states that he has also met with a little Goniatite

* The main portion of this region, that comprised within the proyince of

Huelya, has been very fully and faithfully described by Sr. Dn. Joaquin Gron-

zalo y Tarin in the ' Boletino de la Comision del Mapa Geologica de Espana,'

vol. V. 1878. This author gives also a very good geological map of the Ande-
Tallo on a scale of ^owoo-

t Quart. Journ. Geol. Soc. vol. xxxvii. p. 2.

X Berg. u. Hutt. Zeit. J^os. 28-30, 1883.
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resembling the G. crenistria of Phillips, an Avicula, an Ortlioceras,

and two specimens of Crossopodia ; but these were not found within

the area included in my map, although they are stated to have all

occurred associated with Posidonomya Becheri*. Many of these

fossils were found enclosed in concretionary nodules.

Up to the present time fossils have been discovered in eight

different localities, all situated within half a league of the village of

Rio Tinto, and all within a furlong of the mineral deposits f.

For the most part the slates are either vertical or very highly in-

clined (see Plate VI. tig. 2) ; and with a few local exceptions the dip

for miles together is northward, while the strike is from 15° to 25° north

of west. At the surface the slates are mostly weathered to a yellowish

or brownish tint, with occasional bands nearly black ; but in almost

all the excavations a dark-blue tinted rock is soon reached, more
or less approximating in character and appearance to roofing-slate.

Up to the present time, however, no slate has' been met with of

marketable value.

The following are analyses made in illustration of this paper :

—

(A) is of a specimen taken from an adit-level driven recently by
the Ayuntamiento of Rio Tinto into the hill known as the Mesa de

los Pinos for the sake of obtaining a supply of drinking water, the

place selected being, therefore, situated at a considerable distance

from the pyrites deposit. The specimen selected was very dark blue

and exceedingly close and compact in texture.

(B) is a sample of weathered rock, originally of very similar

character.

A. B.

Water by desiccation 0-26 1 . ^o 0-20
\ ^

„ by ignition 4-4:6 j

^ '^ 2-50
J

^*

Silica 61-12 64-47

Alumina 18-95 19-22

Protoxide of iron 9-65 trace.

Peroxide of iron trace. 9*20

Lime . 0-49 trace.

Magnesia 0-72 trace.

Pyrites 0-30 0-10

Alkalies, calc. as potash . . 2-19 3-21

Copper trace. trace.

Phosphoric acid 0-12 trace.

Loss 1-74 1-10

70

100-00 100-00

Sp. gr. 2-73 Sp. gr. 2*71

* As ilhistrating the amount of extension which a shell may undergo from
lateral pressure, I may here call attention to a statement of the author above
quoted that he has in his possession specimens of P. Becheri, 160 millimetres

(say 6 inches) long.

i" The first fossils in the slates were, I believe, found by Mr. Osborne, now
the deputy-manager of the Rio-Tinto mines, at the point marked A on the map,
while making the railway leading to the Cerro pump. I have found many
others at B which seem to be from the same beds, arched over as shown in the
section.

t2
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It ynH be seen from these analyses that the result of weathering

is to reduce the amount of combined moisture, to dissolve out the

lime and magnesia, and to peroxidize the iron. The alkalies do not

appear to have been removed in the process of Treathering ; in fact

the second shows somewhat more than the first. All this is e.xactly

what might have been expected of such a rock, in such a climate,

where considerable alternations of temperature are continually

occurring, while there is ordinarily but little change in the hygro-

metiic condition of the atmosphere.

Eeference has been made above to the prevalence of a northern

dip at a high angle. In a distance of six miles from Is", to S. I

have only discovered as yet three anticlinal curves, and this not-

withstanding the fact that the bare rocks are everywhere visible.

These are shown on the accompanying enlarged cross-section of part

of the region shown on the map (Plate \1. fig. 2). It would appear,

therefore, that these ancient slates have a very great thickness here as

in many other places. The three anticlines referred to may be seen

at the Eejondillo near the new bridge, in the valley of the Kio Agrio,

and on the Eio-Tinto railway between Xaya and Jaramar. In many
places the slates are more or less sandy in appearance; they pass, in-

deed, into a grey fissile sandstone. The development in coarse-grained

varieties of these rocks of crystalline particles of quartz and felspar,

the latter now for the most part somewhat kaolinized, results in the

formation of a rock scarcely distinguishable, except by the use of a

lens, from the more schistose varieties of the porphyries hereafter

to be described.

In seme places the slates enclose fragments of preexisting rocks,

rounded or angular. In others small lumps, bands, or lenticular

masses of cpartzite occur imbedded in the slates, having all the

appearance of foreign enclosures, but which I have reason to believe,

in some instances, are merely portions of the original rock of more
sandy texture than usual, which have become silicified by aqueous

agency, the siliceous waters having found in them fit situations in

which to deposit their silica. Subsequently the contemporary quartz-

ites have become traversed by joints which do not enter the main
mass of the slate, so that the silicified portions completely simulate

foreign enclosures. These phenomena may be well seen at several

points on the road from Zalamea to Talverde ; and they are par-

ticularly well marked on the hiU between Zalamea and the halfway

house on the road to Eio Tinto. Here great masses of this quartz-

ite, some of them several yards in extent and many tons in weight,

occur in slate, having all the appearance of included fragments, but

which, I believe, have been formed as stated above.

In the neighbourhood of the pyrites deposits the schists are often

highly charged with pyrites, as might be expected. I believe,

indeed, that they have supplied the material for those deposits, but

this part of the subject will be reverted to hereafter.

The pyritous schists near the surface are sometimes changed into

ferruginous schists by the oxidation of the pyrites. More often,

however, the silicified ferruginous bands which indicate the presence
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of pjTitous deposits, appear to have been produced hy infiltration of

mioeral solutions from lakes of ferruginous water which formerly

existed. The effect of this infiltration has been to indurate the

nearly vertical schists in such a manner that masses of them have

resisted denudation, and now form ridges liigher than the surround-

ing country. In the neighbourhood of the fissures here, as else-

where (Agordo, &c.), both schists and porphyries are often bleached

and kaolinized,

Jasper,—In a great many places fine-grained bands of the slates

following the strike are found to be silicified, and converted more or

less completely into excellent jasper, mostly red, but sometimes of a

deep green tint. The transition from the unaltered slate to the jasper

is often abrupt, but occasionally very gradual, and specimens may
easily be obtained in all stages of alteration. The production of this

jasper does not ax^pear to be necessarily connected with the presence of

intrusive rocks at the surface, since some well-marked bands are

situated at a considerable distance from such rocks. At the same
time it must be admitted that the finest and most extensive bands

are situated very near the porphyries. In many cases these jasper

bands accompany bands, nodules, or " eyes" of very pure peroxide

of manganese, to which further reference will be made hereafter.

The following (C) is an analysis of one of these red jasper bands
from near Bella Yista :

—

C.

Silica 90-30

Peroxide of iron 6-00

Alumina 1*30

Lime '30

Magnesia '10

Manganese trace.

Alkalies -
-30

Water -40

Loss 1-30

100-00

Assuming that the original slate had pretty much the composition

of analysis A, a comparison of this analysis with C will show

how great the change has been. It is not merely that there is a

great addition of silica, but almost the whole of the other con-

stituents have been carried off except the oxide of iron, and the

ratio of that to the silica has been reduced from ^ to ^-.

Syenite.—A few miles to the north of the mines is a broad band

of syenite running nearly in the same direction as the slates, which
I believe to be more ancient than any other of the eruptive rocks of

the district. In the neighbourhood of Campo Frio it has a breadth

of nearly four miles. It is a perfectly typical quartz syenite, and
is itself penetrated by veins and masses of diabase, often much
decomposed, and by dykes of quartz-porx^hyry and of felsite, much
resembling the more compact of the elvans of Cornwall. It is also
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traversed by mineral veins ^delding ores of lead and copper, bnt of

quite a different character from those which yield the pyrites. The
soil in the syenite regions is richer than in those composed of por-

phyry or slate. Further to the north the syenite is succeeded by
hornblende-schists, and then again by limestones. I reserve a fuller

description of these rocks, which nowhere approach within a league

of the mines, for a future paper.

Diabase.—The chief development of diabase is to the south of the

mines, where it occurs in extensive masses, in part intercalated

mth, and in part traversing, the slates. The general strike of these

basic rocks is a little to the south of west, and associated with them
are others of a fragmentary nature which have much the appearance

of altered ash-beds.

The diabase beds are readily discoverable wherever they occur by
theii^ brown colour where decomposed, and by their almost universal

tendency to spheroidal decomposition. This, in some parts, is so

marked that the mule-tracks which serve as roads are strewn with
rounded masses of rock varying from a few inches to a foot in

diameter. These compel the attention of the traveller, even when
not a geologist, owing to the extreme inconvenience which they

occasion, especially if he should happen to be a pedestrian. As
stated above, rocks of a very similar character are associated with

the quartz-syenites which lie more to the north.

The decomposition of this rock produces a very rich soil, which
may be distinguished at once by its vegetation from that of the

slates and the porphyries, the latter being extremely barren.

The following analysis (D) will fully account for this richness of

the soil. The large proportion of " soluble silica" is noteworthy in

this analysis :

—

D.

Water by desiccation . . 0-50] .pp
„ by ignition .... 446

J

Silica insol. in HCl. . . 47'70
\ .q on

Silica sol. in HCl 1-50 J

^^^

^

Alumina • 17'26

Protoxide of iron (with a little
"1

1 9.94 ~

peroxide) J

Lime 6*94

Magnesia 4*74

Soda (with a little potash) .

.

3-41

Loss l"5o

100-00

Specific gravity 2*931

The Porpliyries.—These are for the most part quartz-porphyries,

which have nothing particularly remarkable in their appearance

when compared with similar rocks from other districts. Some are

more highly quartzose than others, but in all porphyriticaUy developed

crystals of felspar of more than microscopic size are extremely rare

except in a few localities. Lithologically two varieties are di-
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stinguishable, compact and schistose, but passing into each other.

In general the interior of a mass is compact, while a schistose

structure becomes more and more evident as the outer portions

are reached, i. e. those near the junctions with the slate. The
difference in chemical composition between the two varieties of

the porphyry is by no means great ; and I am disposed to believe

that the schistose structure has been developed by a continuance

of the same pressures which have converted the Palaeozoic mud-
stones into slates. Eeference has already been made to the existence

of bands of porphyritic schists (altered shaly sandstone) in the

slates. These so closely resemble the bands of schistose porphyries,

that it is not in all cases possible to distinguish between them
in hand specimens ; indeed, the more one examines these rocks

in the field, the more one is disposed to regard them merely as

varieties of one and the same rock, serving as intermediaries in

bridging over the passage from undoubted slates on the one hand to

undoubted felspar-porphyries on the other.

The following analyses of various specimens of the porphyries

will show how closely they resemble each other. I add an analysis

of the porphyritic schist for comparison :

—

E. F. G.
Porphyritic Schistose Yery solid

schist. porphyry. porphyry.

Water over H,SO. by 0-10 ) ^.,^ 0-25 \
0-12 1 ^.^^

„ Ignition U'dO
J

0'4o
j

0-z»
J

Silica 64-50 67-00 76-34

Alumina 23-60 20-30 14-85

Oxide of iron 2-16 2-88 1-89

Lime 1-40 2-80 0-10

Magnesia 0-40 trace 0*50

Pyrites trace trace trace

Phosphoric acid 0-30 trace 0-05

Alkali as potash 3*20 2-10 5-11

Carbonic acid, fluorine,

and loss 4-04 4-22 0-76

100-00 100-00 100-00

Specific Gravity ,. 2-62 2-60 2-65

Occasionally, as at the old-station quarry at E,io Tinto, the

porphyritic schist may be traced right up to its contact with the

compact porphyry, becoming more distinctly crystalline as it ap-

proaches the junction, and leaving no doubt in the mind of the

observer that the intrusive porphyry has been an active agent in

producing the metamorphosis.

It is remarkable how uniform in appearance the porphyries are,

even when taken from localities widely separated from each other.

Thus I have specimens from Yalverde on the south, which cannot be

distinguished from others broken near Madrono on the east, and

Poderosa in the north.

The porphyritic masses are usually lenticular in form, but they
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often have fimbriated extremities as shown in fig. 1, where a is the

lode-fissure, 6 the porphyry, and c the slate.

Fig. 1.

—

Section showing Forpliyritic Masses.

a. Lode-fissure. h. Porphyry, Slate.

Their general direction is so similar to the strike of the slates, and
their length is so much greater than their breadth, that they appear

to be interstratified, unless the junctions are very closely examined.

"When, however, such, examinations are made, the true nature of the

association of the rocks is obvious enough, for the slates abut

against the porphyries without in any way bending round them, or

else the porphyry breaks up into branches and fingers, which,

are thrust between the laminae of the slates as in fig 1. This latter

mode of occurrence may be well seen on the hill above Puerto Eubio.

A bending of the laminas of slate around the porphyry is almost

if. not quite unknown.
In a few places the porphyrj^ appears to be much like granulite.

This is particularly observable between the Fuente Fria water-

deposit and the first llalaiio. Where the porphyries meet the slates

by a faulted junction, as is frequently the case, a thick mass of

" fault rock " is often observable at these junctions. This may be

verj^ well seen in the railway-cutting on the west side of the Mesa
de los Pinos (see fig. 2) and on the Zalamea road about half a mile

Fig. 2.—Section in Railway-cutting on the luest side of the Mesa
de los Pinos.

h. Porphyry. Slafce. d. Fault-rock.

west of Bella Yista, both localities being situated oii prolongations

of the " Yalley lode "*". It is also well seen at the foot of the hill

* In this railway-fault the slates (c) are inclined at a very high angle to the
north. They only appear to have a low angle because of the direction of the
line of section, which forms but a very small angle with the line of strike.
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below Gangosa, on the western prolongation of one of the branches

of the ISTorth lode. This fault-rock consists of a hardened felsitic

basis of disintegrated porphyry and slate enclosing angular fragments

or partially rounded masses of porphyry, slate, and occasionally

jasper—generally angular, and occasionally of considerable size.

The bearing of these facts upon the age of the faults is obvious

enough.

Apparently the motion of the walls has broken up the porphyries

and slates, the latter having been previously metamorphosed into

the various forms noted above. In places the fissures must have

remained open for a considerable time, while large quantities of

fragments fell in and became surrounded by clayey matter.

The Iron-ores.—In a considerable number of places, always on
hill-tops, and always near masses of pyrites of greater or less extent,

are horizontal beds of iron-ore, consisting of angular or occasionally

rounded fragments of quartz, slate, and other rocks, cemented
together by peroxide of iron, which is only slightly hydrated.

The proportion of quartz or other matter in these rocks varies

from less than 1 per cent, up to 50 or 60 per cent. In a few places

these beds have yielded plant-remains, which indicate that they are

of Miocene age. It would appear that they were formed at the

bottom of lakes—the ferruginous matter having been derived from
the decomposition of the pyrites of the upper parts of the lodes

—

which stood much higher than at present. These beds of ore occur

at various elevations, each different level no doubt indicating a

period of approximate constancy in ihe Jevel of the waters, the

different beds having been formed as the old lake-boundaries were
broken through, and new ones formed at a lower level*.

The following patches of iron-ore of a sedimentary character

appear to indicate the former and successive existence in the neigh-

bourhood of the mines, of no new fewer than six ferruginous lakes.

The heights given are merely approximate, as determined by a

pocket-aneroid. The patches bracketed together appear to have been
once continuous, and have been separated by subsequent subaerial

denudation.

* The chief of these deposits, that of the Mesa de Iob Pinos, has been well

described by Mr. J. A. Phillips in his paper " On the Occurrence of Eeraains of
Eecent Plants in brown Iron -ore," Q. J. Gr. S. vol. xxxvii. p. 1. He gives the
folloAving analysis of a sample of the iron ore from the Mesa, which may be
taken as a pretty fair average result for the ore generally exported, except that

there are usually present a few per cent, more of silica :

—

Water I ^^ygroi^etric 1-40
^^'^^'^

1 combined 11-85

Silica 1-53

Perric oxide 84*65

Alumina trace.

Phosphoric anhydride "14

Sulphur '23

99-80
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Above sea-level. Above sea-level.

-^ r Cerro Colorado. . 1794 ft. 4. Eio Tintillo . . 1370 ft.

*

\ Cerro Salomon . . 1761 „ ^ J Los Planes . . 1200

I2 r :y:esa de los Pinos 1500 „ \ El Lago .... 1189 „
'

\ Cerro de las Yacas 1497 ,. 6. La Z^ava .... 1050 „
o J

BeUa Yista 1473 „
•

\ Atalaya 1470 „

IS'otwithstanding the geologically recent origin of these ferrugi-

nous lake-deposits, they are often traversed by quartz-veins filling

shrinkage- cracks, and occasionally small masses of opal (Miiller's

glass) occur in cavities, showing that there must have been circula-

tion of siliceous waters and deposition of silica in geologically

recent times in this district.

In addition to the iron-ore of these hill-top deposits, a very large

quantity of excellent iron-ore of precisely similar character has been
got out of the " over burden" recently removed from the north side

of the great open cast on the South lode. This has, I believe, been
formed by the degradation of the ancient bog-iron deposits, and
has sunk down over the pyrites into the extensive pre-Roman
open workings. These are filled with brecciated masses, consisting

largely of fragments of the iron-ore, mixed with slate and porphyry

frequently in a state of complete decomposition.

Occasionally the pyrites has decomposed near the surface so as to

form a true " gozzan " extending downwards for many fathoms, thus

producing a ferruginous substance capable of being used as iron-ore

under favourable circumstances, although, as it contains a large ad-

mixture of clayey and earthy matters from the sides of the lodes,

it is not usually preserved as such. Samples of this ferruginous

earthy matter often contain from 35 to 45 per cent, of metallic

iron, as shown by analysis.

It is interesting to note that the waters issuing from the mines

even now deposit considerable quantities of oxides of iron in the

beds of the rivers wherever there are convenient situations. The
following are analyses of some of these substances

;
(H)—yellow

ochre from the bed of the Eio Tinto near !^anantiales, about 20 miles

below the mines ; (I)—iron-ore from the Eio Tintillo :

—

H. I.

SiUca and insoluble .. 25-00 13-64

Alumina 2-50 1-06

Perric sulphate 9-00

Perric oxide .... (46'80)=hydrate 57-78 .
73-00

Arsenic 0-27

Copper . trace. trace.

Moisture and loss .... 5-45 12-30

100-00 100-00

The following may be regarded as t}-pical analyses, (J) of the
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natural liquor issuing from the mines, and (K) of the liquor flowing

from the cementation-tanks. Each of these is found to deposit

iron-oxide wherever the waters are checked so as to allow of natural

oxidation and evaporation.

J. Natural hquor. K. Sahda hquor.

Ferrous sulphate 4-091 54-276 grams per litre.

Eerric sulphate -030 6-075 „

Aluminic sulphate -504 '800 „

^langanous sulphate .... -003 -016 „

Zincic sulphate -308 2-814

Cupric sulphate 1*761 -282

Plumhic sulphate -009 -040

Calcic sulphate '259 1*026 „
Magnesic sulphate ...... -066 -312 „

Potassic sulphate -023 -020 „

Sodic sulphate -052 -040

Sulphuric acid (free) .... 1-274 "752 „

Sodic chloride -017 '039

Antimony and hismuth . . traces. traces. „

Arsenic '.
. -028 -078

Silica -074 -026

?»

8-505 66-596

Pyntes.—The pyrites-masses are almost always contact-deposits,

i. e. they occupy the enlarged portions of fissures separating two
dissimilar rocks. Occasionally, it is true, hoth walls of a mass are

composed of the same rock for a short distance, in vertical or hori-

zontal extension, owing to the fact that the fissure has been made
more nearly in a plane than is the bounding-surface of the two
rocks, a phenomenon which has been frequently observed in other

districts*. Some few of the deposits, however, appear to be con-

tained wholly in slate, and others wholly in porphyry, but never far

from a junction of these dissimilar rocks.

The enlarged portions of the pyrites-lodes of Rio Tinto and other

parts of the Sierra Morena, it seems to me, only diff'er in degree

from the " shoots " and " courses of ore " observable in connexion

with fissure-lodes in other countries. Owing to the lenticular

character of the porphyritic intrusions which occupy the original lines

of weakness, and which have occasioned those openings which now
form the lode-fissures, the junctions between the slate and the por-

phyry are subject to considerable inflections (see map, Plate TI.) ; and
although the more recent openings which now contain the pyrites

have not followed these junctions everj-where exactly, still the

result has been to produce fissures somewhat more made up of varj-ing

directions than is observable where a simple country-rock has been

fissured.

* See Foster " On the Great Flat Lode," Quart. Journ. Geol. Soc. vol. xxxiv.

p. 640.
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It is obvious that any movemeat of one side of a fissure which is

not a perfect plane, must result in bringing into juxtaposition pro-
jecting portions of the opposite walls, in whatever direction the

movement may have been ; and consequently in forming irregular

cavities of greater or less dimensions*.

The cavities having been thus formed, it appears to me highly

probable that they have been filled with pyrites by infiltration from
the country rocks. Both porphyrj- and slate are almost everywhere
impregnated, and the joints are often lined with pyrites, which
invariably contains a trace of copper. The structure of the pj^ites

masses seems to me to bear out this idea. A somewhat banded
arrangement or grain of the pyrites is often visible, running in a

longitudinal direction ; and frequently portions of the slate, very

highly pyritized, have been detached from the walls, and enclosed

within the main mass. Owing to the absence of cavities in the

pyritous mass, crystals are exceedingly rare, and sometimes it is ab-

solutel}' compact and structureless.

The " lenticular" deposits of pyrites vary from a few yards up to

three quarters of a mile or more in length, and in width from a few
inches up to 500 feet. Prequently two or more of these are connected

together by a thin vein, almost a thread, of pyritous matter ; and
they are generally traversed more or less by veins of richer ore,

copper-pyrites, copper-glance, galena, &c., and occasionally also of

nearly pure iron-pyrites, as well as by veins of barytes and quartz,

these latter running in a direction transverse to the general direction

of the mass.

Character of the Ore.—As the average copper contents of the ores

sent to England only vary between 3 and 4 per cent., I might almost

say 3| and 3|, from year to year, an idea has been generally enter-

tained that the ore deposits as a whole are remarkably uniform in

composition. jSTothing could be further from the truth, as was shown
by the series of specimens sent to the Madrid Exhibition of 1883,

which averaged from 20 to 30 lbs. in weight, and contained from 0-5

up to 60 per cent, of copper. The following are the chief varieties

of the ores which I have observed :

—

a. Poor sulphur-ore ; almost pure iron-pyrites, but containing

under | per cent, each of copper and arsenic. Generally minutely

crystalline, but sometimes fine-grained and compact, breaking

with an almost conchoidal fracture. Sold as poor ore (" mineral

pobre ").

h. An ore like a, but containing variable quantities of earthy

matters, silica, and silicate of alumina, up to 25 or 30 per cent.

Valueless (" esteril ").

c. A substance like h, but distinctly banded in structure, the

siliceous matters often rising to 50, 70, or 90 per cent. The pyrites

in this substance is generally more distinctly crystallized than in a

or h, the forms being the cube, the pentagonal dodecahedron, or a

* This mode of formation, which is well known to all students of geological

mechanics, is very simply explained by De la Beche in his ' Report on the

Geology of Cornwall,' &c. p. 317.
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combination of the two. Rarely the crystals reach the size of

peas, but usually they are minute. This is absolutely valueless

(" esteril ").

d. A soft powdery or easily pulverized substance, having the same
composition as the poor ore «, but valueless on account of its powdery
condition.

The particles under a lens appear to be crystals. This is known
as " azufron." Sometimes the crystals are coated superficially with

galena or blende, as if they had been immersed in water capable of

depositing those substances.

e. Compact ore like «, but containing from 1 to 2| per cent, of

copper, existing as copper-pyrites minutely disseminated throughout

the mass. This is the typical " telera mineral," and it is mostly

treated on the spot.

/. Compact ore like e but richer, up to 3j per cent. This is the

typical exportation ore so largely consumed in the manufacture of

sulphuric acid, the copper, and sometimes the silver and gold, being

afterwards extracted by "wet"' methods.

g. Ore similar to /, but coated superficially or in the joints by
basic sulphates of copper (brochantite, pisanite, &c.). This is also

an exportation ore. •

h. Copper-pyrites, erubescite, and occasionally copper-glance, more
or less mixed with iron-pyrites, quartz, blende, and other substances,

occurring for the most part in veins or veinules traversing the ordinary

pyrites. These assay from 4 per cent, up to from 12 to 14 per cent.

en masse, and are aU treated in the blast-furnaces, either raw or

previously calcined, as " mineral rico."

i. The same ore, but with much quartz present, reducing the

percentage to 3 or 4 per cent. Valuable as a flux in the blast-

furnaces ("mineral cuarzo").

j. Mineral like h, but very soft and much decomposed. Also

remitted to the blast-furnaces, under the name of " negrillo."

Jc. A compact mixture of galena, blende, and chalcopyrite,

mingled with iron pyrites, yielding from. 6 to 12 per cent, of lead

and the same of zinc, with 3 or 4 per cent, of copper and 2 to 3 oz.

of silver to the ton ; known as " plomizos," and at present a hete

noire at the mine. Some of this bears a considerable resemblance

to the " bluestone " of Anglesey and to the " kilmacooite " of

County Wicklow.

Z. The same, but with the lead more differentiated into veins of

galena, admitting of dressing or clean hand-picking. There is but

little of this ore in the mines.

m. Crystals, stalactites, or stalagmites of cupreous melanterite,

containing from 4 to 12 per cent, of copper and from 2 to 10 per

cent, of zinc. Often mixed with earthy matter, so that the copper

is reduced to from 1 to 3 per cent. This is sent at once to the

washing-tanks, under the name of " vitriolas."

n, 0. Porpyhry and slate, containing grains or veins of iron-

pyrites; slightly cupriferous ("esteril").

The varieties 6, c, and d appear to reveal much as to their mode of
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origiD. In c we have, I think, the original pyritous schist or

mineralized bands of the Palaeozoic slate.

The following analyses of the pyrites from different parts of the

mines will give a very good idea of the composition of the ores as

selected for various purposes, as well as of their freedom from vein-

stone when well selected. Por comparison I add two analyses (P)

from a neighbouring mine where the " banded " structure referred

to above is very well marked.

L. M. ^. 0. P
Export Calcination San Filon al La Majada.
ore ore T/iriTTi iio "V"- J.

1878. 1880. 1881.

XI one.
1881. Compact. Banded

Sulphur 48-98 50-19 47-25 50-00 49-50 37-00

Iron 41-91 42-86 42-35 41-65 40-60 33-00

Copper 3-06 2-29 4-46 2-25 3-62 4-42rr
Lead 1-471

0-62/
undeter-- r 1-26

\0-24
trace.

Zinc mined. trace.

Copper sulphate . . 0-12 0-20 trace. trace.

Oxide of copper . . 0-50 trace. trace. trace.

Arsenic 1-00 0-92 0-61 0-25 0-49 0-47

Antimony 0-06 0-10 trace. *k

Alumina, bismuth,
^

manganese, thal-

lium, nickel, cobalt,
. traces. traces. traces. traces. traces. traces

lime, andmaguesia.
_

Silica and insoluble .
0-28 trace. 2-40 2-62 2-14 22-60

Sulphate of iron .

.

0-50 trace. .... .... .... trace.

Moisture 0-65 0-20

Oxygen and loss .

.

0-73 3-24 1-43 3-23

99-88 100-00 100-00 100-00 96'35 97-49

Silver from ^ oz. to 1 oz. per ton in all. Gold from 8 to 11 grains per ton*.

All the above are samples of well-mixed ores. I add opposite

a series of analyses of picked specimens, none of them, however,

distinctly crystallized. Q, is chalcopyrite, of a good yellow colour,

soft ; R is grey ore, with a good grey colour, and rather harder than

usual ; S, white pyrites, very light-coloured, a mass of minute

crystals, very hard; T is galena, subcrystalliue and normal in

appearance ; IJ, lead-mineral, fine-grained, grey, and granular.

The pyrites-deposits at Rio Tinto are four in number, known
respectively as the j^orth lode, the South lode, the San Dionisio

lode, and the Yalley lode. Of these, the South lode is that which

was worked extensively by the Spanish Government before the

mines were taken over by the present Company ; it is now chiefly

worked as an open cutting. The thin branches or veins seen at

* This small proportion of gold has hitherto resisted all efforts to recover it

at a profit, except as regards a small portion of the ore treated at AVidnes and

in Germany ;
yet it is -worthy of remai-k that the terreros at Eio Tinto, which

we may take in. round numbers at 5,000,000 tons, contain more than 2| tons of

gold, reckoning only 8 gTains to the ton. The quantity of gold raised annually

from the pyrites deposits of the Sierra Moi-ena cannot be less than a ton and a

half.
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Quebranto Huesos are, I think, connected with the eastern end of

the South lode, while San Dionisio may be regarded as an extension

westwards of the South lode. This and the j^orth lode have been

entirely opened up by the present proprietary, nothing having been

done upon them since the Eoman times until about the year 1878.

The Valley lode is not yet opened up. The North, South, and
San Dionisio lodes all show abundant evidence of very extensive

work by the Romans, and even of still more ancient works ; but

as this paper is designed to deal only with the geological and
mineralogical features of the district, and not with the mining
operations which have been carried on from time to time, or with
those which are now being carried on, I need not further refer to

these points, except to draw attention to the series of enlarged

sections given (figs. 3-8, p. 260), all of which refer to what is

known as the South lode *.

O T? S T TT

Sulphur 33-04 24-03 52-81 15-82 40-89

Selenium trace. 0-10 0-13

Iron 34-72 12-21 46-12 2-21 36-24

Copper 31-68 62-50 0-11 0-01 4-30

Arsenic O'Ol 0-03 0-23 0-01 0-10

Lead 0-02 0-14 trace. 80-41 11-37

Antimony trace. . . . 0-40 0-20

Zinc 0-10 trace. trace. 0-14 6-66

Bismuth trace 0-21 0-04

Silica and insol.. 0-15 0-02 0-10 0-02 0-21

99-72 98-93 99-37 99-33 100-14

Silver 0-033 0-010 0-005 0-015 0-015

Gold . In all a few grains only to the ton.

The Manganese-lodes.—A system of fissures having the same
general directions as those larger ones which contain pyrites, occurs

in the immediate neighbourhood of these latter ; indeed, the man-
ganese-fissures often seem to be merely branches of the pjTites-

fissures. Like them, they are frequently bounded by slate on one

side and by porphyry on the other ; but pretty often they have slate

on both sides, although they are never found far from masses of

porphyry. Occasionally they are entirely in porphyry. The veins

vary in width from an inch or less up to several yards. Unlike the

pyrites-veins, in which siliceous deposits are conspicuously absent, the

manganese-veins are generally very highly silicified, the walls being

often converted into excellent jasper to a considerable depthf.

The manganese-ore itself is sometimes very siliceous, but otherwise

a fairly pure but hard variety of pyrolusite, assaying over 80 per cent,

of peroxide of manganese. A great number of these veins occur in

* A list of the various minerals which have been met with at the Rio-Tinto
mines, comprising thii-ty-three species, is given by me in the ' Mineralogical
Magazine,' vol. iv. pp. 211-216.

t An analysis of one of these jasper bands from Bella Vista has been given
supra, p. 249.
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Figs. 3-8.— Cross-sections of the South Lode at Bio Tinto, showing

profiles of the ground removed. (Scale, 1 to 7500.) Pig. 3. Sec-

tion at San-Inocente Shaft. Figs, 4-8, respectively 150, 200, 300,

350 metres to the East.

Fig. 3. Fi-. 4.

FiR. 5 Fi2:. 6.

Porphyry. Slate. Pyrites.

p^^p^ Porphyry worked
-"•---—'

away.

Slate worted
away.

Permginoxis breccia, and gozzan.

Pyntes worked
a.way.

the neiglibonrliood of Eio Tinto ; but at present none of them are

being worked, although a great many of them were in active

operation some ten j^ears since. The slate in the neighbourhood is

generally of a purplish colour; sometimes it contains a series of

concretionary kernels or " eyes " of cobaltiferous oxide of man-
ganese, as shown in the sketch (fig. 9), which is taken from a

specimen occurring a little to the west of Bella Yista.

In the pyrites-region mineral veins other than those of cupreous

pyrites and of manganese are extremely rare and of comparatively

little importance. A few veins of lead, copper (oxides, sulphides,

and carbonates), of blende, and of other minerals are known to
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exist in the quartz-syenite ; and some of these could certainly be
worked to advantage by Cornish methods if the country were more
fully opened up by roads and railways : but I reserve for the present
all further reference to them.

Fig. 9.

—

Slate ivith Kernels of Cohaltiferous Oxide of Manganese
near Bella Vista.

4. Conclusion.

A consideration of the facts here brought forward leads to the
following conclusions :

—

1. As to the Stratigrajphy of the District:—
(a) The slates are of late Devonian age, but they include in some

places portions of still older clastic rocks, which have not yet been
recognized in the neighbourhood in situ.

(h) The slates, in parts, like the well-known " Kupferschiefer '" of

Mansfeld, were originally highly pyritous and cupriferous; but
being interstratified with ordinary Posidonomya-sohists, they are

plainly much older.

(c) After the slates had been deposited and upheaved, they were
cut through by great masses of syenite. As this syenite ranges

pretty nearly with the present strike of the slate, it is probable that

this latter had been folded into its chief synclines and anticlines

before the intrusion of the syenite. The slaty cleavage, too, which
now corresponds generally, but not invariably, with the bedding, was
also produced previous to this intrusion, but may have been since

increased.

{d) Eoth slates and syenite have been penetrated by veins and
masses of diabase. In the slates the diabase often follows the

stratification for considerable distances and then cuts across at a

very oblique angle, the mean direction being E. to W. In the syenite

no such prevalent direction of the diabase veins is observable.

(e) The porphyries are distinctly intrusive in the slates, and not
actually interstratified with them, although they often appear to be
so. A kind of selective metamorphism has, indeed, converted some

Q.J.G.S. No. 163. u
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of the stratified beds into a rock resembling the more schistose

varieties of the porphyries ; but proofs of the distinctness in

origin of the porphyritic schists and the schistose porphyries are

abundant.

(/) The conversion of certain bands of the slates into chert or

jasper was anterior to the appearance of the porphyries, since the

cherty bands are traversed by them similarly to the slates them-
selves, and since the " fault rock '' contains fragments of the former

enclosed Tdthin its substance.

(g) As the porphyries were intruded into the stratified rocks long

after these had been tilted up into their present position (i. e. nearly

vertical), and as their composition, on the whole, is so similar, it seems

not unlikely that they are actually composed of the melted-up lower
portions of the synclinal curves.

(Ji) "While the porphyries were still in a semi-pasty condition, the

pressures in directions normal to the strike probably continued to

act, thus producing their markedly schistose structure parallel to the

schistose structure of the stratified rocks.

(i) The intrusion of the porphyry took place at a period so distant

as to allow of imniense denudation. We in fact see at the surface

what was brought into its present condition at great depth.

2. As to the Ore-deposits :

—

(J) The opening of the main fissures took place along the lines of

contact of dissimilar rocks, i. e. along lines of least strength.

(Ic) The process of filling-in these fissures was, as regards the

pyrites, more chemical than mechanical ; but still not entirely

chemical. The great width of the fissures in certain places is here,

as elsewhere, more apparent than real. On the one hand there seems

to have been a great concentration of pyritous matter in solution,

probably derived from pre-existing pyritous schists, into the more
open parts of the fissures ; and on the other a gradual removal,

probably by the very same solutions, of much of the earthy matter of

the enclosing slates, so as gradually to produce a large mass of very

pure ore. The fact that schistose structure is often visible in the

interior of great masses of the pyrites appears to me to be in favour

of this theory of their mode of formation. The force of crystallization

itself, too, may have enlarged the cavities continuously by pressure

against the softened wall.

(I) That the solutions circulating within the fissures had solvent

powers is evidenced by the softening and kaolinizatiou of the rocks

in the neighbourhood of the pyritous masses. Silica and lime appear

to have been remarkably absent from these solutions ; but in the later

vein-fiUings the former has been deposited to a small extent, and
sometimes accompanied by sulphate of baryta.

{m) That the fissui'es were seldom really open to any great extent

is, I think, indicated by the rarity of distinct and well-formed crystals

of pyrites. At the same time the existence of fault-rock in the

immediate neighbourhood proves that open fissures must have existed

at one time.



OF THE RIO-TIXTO MINES. 263

(71) The formation of rich veinlets or " leaders " of ore Trithin the

masses has been the result of subsequent operations, probably at very

many different times. These veins appear to occupy faults and
shrinkage-cracks, and to have been gradually filled by a segregation

of substances from the main masses of pyrites.

(0) Abundant evidence of numerous movements Tvithin the masses

of pyrites is afforded by the numerous slickensides which are every-

where and continually met with.

(/:>) The formation of the ironstone-beds which now cap the Mesa
de los Pinos and other hills, although immeasurably more recent than

that of the pyrites-deposits, took place so long ago that deep valleys

have since been excavated through the iron-ore ; and the general

level of the country has been so altered that the aucient lake-deposits

now exist as hill-tops.

3. As to the Surface-Geology :
—

The broad features of the geology of the district, which have been
described above, are very evident to any one who has studied the

relations between geological structure and scenery. The slate-

regions, which for the most part form the lower lands, generally

consist of a series of low hummocky hills of a very bare and unin-

teresting aspect; but occasionally the more silicified bands rise

into sharp ridges of a rugged appearance, which, in the transverse

valleys, are sometimes extremely picturesque, as in the gorge leading

up to the Campo Frio " digue " *. The jasper- and manganese-bands,

too, are generally evident as distinctly purple stripes in the otherwise

dull lead-coloured country. The barrenness of the slates seems to be

due to their vertical condition, to the great and long-continued heats

of summer, and to the absence of springs. The vegetation, where
there is any, consists generally of the dull dark-green foliage of the

gum-cistus. The valleys and watercourses, on the contrary, where
the effects of the long summer drought are less felt, are usually filled

with oleander bushes, whose abundant pinkish-red flowers mark out

the topography in a very striking and beautiful manner. The por-

phyries are scarcely more clothed with verdure than the slates, but

the hiRs are much higher and more irregular in form, and the ground
is generally strewn with rough greyish fragments of the rock. The
asphodel, a palmetto, and little scrubby acacias are more frequently

to be seen in the porphyry -tracts. The diabase has much richer

vegetation, with many olives, oaks, and cork-trees, the surface

between the trees being covered with brown and rounded fragments

of decomposing diabase, while the rock-exposures are often markedly
spheroidal or even columnar. The syenite has a very similar vege-

tation to tlie diabase ; but the country rock is greyer, and the hills

crowned with loose rocks, which often remind one of the granite tors

'^^ At Kio Tinto a reservoir of water, shut into a natural hollow by an arti-

ficial wall or bank, is called a " Digue " or a " Dam " indiscriminately, 'although,

of course, the term is only properly to be applied to the enclosing masonry or
earthwork.

tj2
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of Cornwall, but of course without their refreshing green turf-sur-

rounding.

In the immediate neighbourhood of the mines the natural

barrenness of the mining part of the Andevallo is greatly height-

ened by
(1) The destruction of vegetation by the sulphur-smoke from, at

Eio Tinto alone, the volatilization of about 200,000 tons of sulphur

per annum

;

(2) The destruction of brushwood and timber for the use of the

mines

;

(3) The removal of the unprotected soil by the occasional heavy
rains.

The climatal conditions have led to a much more rapid denudation

than is observable in countries like England, and it will be readily

understood that they have been greatly aided by the temporary
conditions noted above.

In the height of summer the surface-rocks of this region are often

heated to 160° F., or even more during the day, while the coming of

a wind from the north will sometimes reduce the temperature of the

same rocks to 70° during the night—a range of at least 90° in perhaps

eight or nine hours. These alternations of temperature have, in

some cases, caused the scaling-off of thin layers of porphyTy, diabase,

ironstone-breccia, and other rocks from the more exposed masses on

the hilltops and in the broader valleys in a most peculiar manner. I

have picked up pieces of the ironstone-breccia measuring at least

8 inches across, with a thickness not exceeding three quarters of an

inch. In some spots the rocks have acquired, from this cause alone,

rounded forms, which might easily be supposed to result from glacia-

tion, while the flakes of rock cover the ground around to a depth of

more than a foot*.

It will be readily believed that disintegration, especially of the

schistose rocks, proceeds very rapidly under such conditions as these.

Furthermore, in the neighbourhood of the rock-junctions, a great part

of the surface-slate, and even the porphyry, is so decomposed as to be
commonly used as a kind of fire-clay (harro). The occasional heav}"

rains of spring and autumn, falling upon a ground so prepared, act

with extreme energy and produce very marked effects, a single storm

sometimes cutting out channels several yards in depth. These facts

should be taken into account in forming an estimate of the time

required to produce a given amount of denudation, as, for instance,

* The finest example of this " pseudo-glaciation " which I ever saw occurred

in the ironstone-breccia lying on the top of the hill a little to the S.E. of No. 4
shaft on the North Lode ; and at first I felt pretty sure that here, at least, I

had met with a real glacial polishing—the angular pieces of quartz, with their

ferruginous cement, were smoothed off" so wonderfully. But I soon saw here,

as I had seen on other occasions, that there were no ice-scratches and that the

apparently polished surfaces met each other in sharp re-entrant angles in such

a manner that they could not possibly hare been produced by friction. More-
over, the stones were surrounded with bushels of thin flakes of precisely similar

character which had peeled off from time to time, some of them being nearly a

foot across, with a thickness of considerably less than one inch.
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with regard to the relative ages of the successive ferruginous lake-

deposits. Greatly as they differ in altitude, it is probable that their

difference in age would not exceed a few thousands of years. Un-
fortunately, however, we have no fossil evidence on this point, since

fossils have only as yet been found in the one deposit of the Mesa
de los Pinos.

EXPLANATION OF PLATE VI.

Fig. 1. Map of the Eio-Tiuto mining district. Scale ^^^oo-
2. Section across the Rio-Tinto mining district. Scale ^to^ott-

Discussion.

Mr. P. Fowler inquired why Mr. Collins attributed the iron-

ore forming the outcrop of the pyrites-vein-deposits to the action

of lakes. He believed they were due to decomposition of pyrites.

With regard to the question whether the deposits of pyrites are to

be characterized as veins or masses, he believed them to be veins,

as they never cut out in depth ; they often narrow, but open out

again. Mr. Collins had omitted to notice that all the veins crop

out in great depressions, due, probably, to enormous faults. The
greater the depression the greater the width of the vein.

Mr. KiTTO agreed with Mr. Collins as to the iron-ore deposits

being lacustrine in their origin. They were stratified, and contain

the remains of plants. He also was inclined to class the masses of

pyrites at Eio Tinta as veins.
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27. On the Geoiogical Positiox of the " Weka-pass Stoxe " of New
Zeala2s-d. By Captain P. W. Huttox, F.G.S. (Eead June 2b^

1884.)

The northern part of Ashley County, in the Province of Canterbury,

is, to the geologist, one of the most interesting districts in !>Tew

Zealand ; for, as Dr. von Haast has truly remarked, it " offers us the

key to unravel the relations in which our young Secondary and old

Tertiary beds stand to each other." And as all the more important

of the I^ew-Zealand coalfields belong to one or other of these groups

of rocks, the district becomes highly important from an economic

point of view.

The district in question is bounded on the north by the Hurinui
Eiver and on the south by the ^aipara Eiver, so well known to

geologists as the locality whence Plesiosaurus australis, Owen, was
obtained b}' ]\Ir. Cockburn Hood. It is crossed by the railway and
road from Christchurch to i^elson, which here pass over a low
range of hills by means of a depression called the Weka Pass, which
gives the name to the limestone that forms the subject of this

paper. In it there occurs a white, flaggy, argillaceous limestone,

known as the Amuri limestone, which at both the "Waipara Eiver

and Weka Pass lies conformably on green sandstones. All geologists

who have visited these localities agree that the Amuri limestones

and the green sandstones are parts of the same rock-system, which
is called the Waipara System by Dr. von Haast and myself, and
forms part of the Cretaceo-tertiary System of Dr. Hector and the

officers of the Geological Survey of jSTew Zealand. This Waipara
System is considered to be of Cretaceous age, because the green sand-

stones contain remains of marine Saurians and rest conformably

on beds of coal and shales, containing leaves of dicotyledonous Angio-
sperms, that form the base of the Waipara System.

Above the Amuri limestone, both at the "Waipara and Weka Pass,

comes an arenaceous limestone, usually with small green grains

scattered through it, caUed the Weka-pass Stone. It is of a

yellowish white colour, but weathers white like the Amuri lime-

stone. Above the "Weka-pass Stone is a grey trandy marl, and

above this, again, come thick beds of pale yellowish sandstone, with

bands of shelly and coral limestone. These last beds, lying above

the grey marl, are acknowledged by all J^ew-Zealand geologists to

be, probably, of Upper Eocene or Ohgocene age. They are "(he

Mount-Brown beds of the Geological Survey, and form the upper

part of the Oamaru System of Dr. von Haast and myself.

So far all are agreed ; but opinions differ as to where the line

separating the Waipara System from the Oamaru System should be

drawn. Dr. Hector and Mr. M'Kay think that it should be taken

between the Grey Marl and the overlying Mount-Brown beds ; Dr.

von Haast would make it between the Weka-pass Stone and the
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Grey Marl ; while in my opinion it lies between the Amuri lime-

stone and the Weka-pass Stone. On this point Dr. Hector says

that he cannot satisfy himself " of any stratigraphical break be-

tween the Amuri limestone and the overlying grey marls " *, ap-

parently placing the Weka-pass Stone with either one or the other.

Mr. M'Kay says, " Xo doubt there is a considerable difference in the

character of the fossils found in the calcareous green-sands [i. e.

Weka-pass Stone] and those in the underlying Saurian beds ; but,

even admitting the conformity between them, this is to be expected.

Stratigraphically, I could find no conclusive evidence of uncon-

formity, and if the Weka-pass calcareous green-sands belong to the

Waipara beds, no unconformity can be conceded as far as the upper-

most beds of the Mount-Brown Series " t. Dr. von Haast says that

in the northern parts of Canterbury the green sandstones of the

Waipara are overlain by " chalk marls, or chalk-like limestone " [i. e.

Amuri limestone], which is succeeded by a glauconitic calcareous

sandstone [?*. e. Weka-pass Stone], and which is the highest bed of

the series J. He allows that a break sometimes, as at Weka Pass,

appears to occur between these two calcareous rocks ; but he argues

that this is only apparent, because the upper beds are always con-

formable to the lower, and in some localities there is a gradual

passage from the one to the other. He does not, however, name
these localities.

Such are the views held at present by those geologists who have

visited the district. The object of this paper is to bring together all

available evidence on the position of this divisional line. But before

doing so it will be better to give the geographical distribution of the

beds with which we are concerned.

Geogeaphical Distribtjtion of Eocks.

The greeii sandstones and other associated rocks with acknow-
ledged Cretaceous fossils extend from near Cape Campbell, on Cook's

Straits, along the east coast of the island, to the Hurinui, and then

trend inland to the Middle Waipara and the Malvern Hills, lying

between the Waimakai^ri and Eakaia rivers. In no other part of

I^ew Zealand are they known with certainty, and in no other part

have any Cretaceous marine Saurians been found. The Amuri
limestone occurs near Cape Campbell, and going southward, is found

at various places along the east coast as far as Motunau, and again

at Weka Pass and the Middle Waipara. Further to the south it is

quite unknown, except possibly in the Trelissic basin on the Wai-
makariri §. In the Is'orth Island it has been recognized by IFr.

* ' Geological Eeports,' 1873-74, p. x. Published in 1877.
t ' Greological Eeports,' 1874-76, p. 39. See also Trans. N. Z. Institute, ix.

(1876) p. 583.
+ ' Geology of Canterbury ' (1879), p. 297.

§ The cbalk-mai-ls mentioned by Mr. M'Kay at Kakahu and Pareora. in

South Canterbury (Geol. Eeports, 1876-77, p. 61), appear to be different. Dr.
von Haast considers them, correctly I think, as belonging to the Oaraaru Svstem
(Geol. Canterbury, p. 309).
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M'Kay at White-rock station on the east coast of Wellington. At
Amuri and Kaikonra this rock contains flints. The WeJca-jxiss

Stone is largely developed in the Weka-pass district between the

Waipara and the Hurinui, and it forms a large part of Mt. Cass.

^NTorth and south of these rivers it is not certainly knoAvn, but it is

generally thought to be the equivalent of the " Ototara Stone " of

Oamaru, and of the Cobden limestone of Greymouth. The Grey
Marl * extends north from the Waipara through Weka Pass,

Motunau, Conway Eiver (?), Amuri Bluff, Kaikoura Peninsula, and
perhaps to Cajje Campbell. The Mount-Brown heels are well de-

veloped through the Weka-pass district ; but beyond this their ex-

tension is uncertain, although no doubt they have equivalents in

many parts of Xew Zealand, principally in the south.

It will thus be seen that the country between the Waipara and

the Hurinui is the only district in which all iive rocks can be seen

together. The Saurian beds, the AmurL limestone, and the grey

marl extend to the north as far as Cook's Straits. But the Weka-
pass Stone and the Mount-Brown beds do not follow them, but find

their equivalents more in the south. I will now examine the

geological relations between them.

Steatigeaphical Evidence.

Middle Waijpara.—Dr. Hector reported, in 1869, that " white

and 5'ellowish calcareous sandstones \i. e. Mount-Brown beds] rested

uuconformably on the lower rocks " t. He did not distinguish be-

tween the Grey Marl, the Weka-pass Stone, and the Amuri lime-

stone, but considered them all as a "blue-grey marly sandstone

sometimes passing into chalk." Subsequently Dr. von Haast
divided these rocks into a " Weka-pass Series " [including the

Amuri limestone and the Weka-pass Stone], " Cucullsea-beds " \i. e.

Grey Marl], and "Mount-Brown Series"!. He agreed with Dr.

Hector that an unconformity existed between the Mount-Brown
beds and the Grey Marl, and made another unconformity between
the Grey Marl and the Weka-pass Stone. In 1873 I distiuguished

the Amuri limestone from the Weka-pass Stone, showing that the

latter passed at its base into a thin layer of calcareous green sand-

stone, which rested on a water-worn surface of the Amuri limestone.

I also pointed out that the apparent unconformities were deceptive,

and due to a fault (fig. 1) ; and that in reality the Weka-pass Stone,

* Called " Leda-marls " by Dr. Hector (Trans. N. Z. Inst. vi. (1873), p. 356),

and by Mr. M'Kay (Geol. Reports, 1874-76. p. 178). This name has been
applied to various rocks in -vridelT separated localities in JS'ew Zealand. Dr.
Hector now puts the " Leda-mai-ls " as the equivalent of the Amuri limestone

(Geol. Eeports, 1877-78, p. 193), and makes it quite distinct from the grey
marls of Weka Pass and Amuri Bluff ; as also does Mr. M'Kay in the Trans.

N. Z. Institute, ix. (1876), p. 583. The so-called " Leda-marls" of Eaglan and
the Lower Waikato, are probably of about the same age as the Weka-pass Stone.

Under these circumstances, I think it is better not to use the name.
-

' Geological Eeports,' 1868-69, p. 12.

t 'Geological Eeports,' 1870-71, p. 14
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the Grey Marl, and the Mount-Browu beds were all conformable *.

This explanation of the district has not since been called in question

by any one.

Fig. 1.

—

Section across the River Waipara. (Distance 6 miles.)

liiTcr Waipara.
Boby
Creek. Fault. 3rt. Brown.

1. Hokanui Sandstone.

2. Green Sandstones. "[ Waipara Sy-

3. Amiiri Limestone. J stem.

4. Weka-pass Stone.

5. Grey Marl.

6. Mt. -Brown beds. Oamaru System.

7. Pareora System.

8. Pleistocene gravels.

WeTca Pass.—In my report of 1873, just mentioned, I said that

here, as at the Waipara, the Weka-pass Stone rested on a water-

worn surface of the Amuri limestone. As the correctness of this

statement has been denied, I again visited the locality last December,

but found no reason to alter my former opinion. The great masses

of limestone which are seen on the west side of the road in the centre of

the pass, and on both sides near the northern end, belong to the Weka-
pass Stone. The Amuri limestone hardlj^ shows in the pass, but is

exposed in a cutting made by the Weka Creek, a little to the north

of the railway-viaduct (fig. 2), where both railway and road cross

the stream, about a mile and a half from the north end of the pass,

or two miles and a half from the Waikari railway-station. Here the

Fig. 2.

—

Section along Wela Pass. (Distance 4 miles.)

Viaduct.

2 3 4

23° S.S.E.

5j 4 5 6

Fault.

For explanation see fig. 1.

E.S.E.

stream has cut a small gorge on the east side of the railway and
parallel to it, in which the junction between the two rocks is clearly
exposed. This is, I believe, the only section in the neighbourhood
in which the actual junction of the two rocks can be studied. Both
rocks have here the same dip, but they are easily distinguished.
The Amuri limestone is a white, rather argillaceous, much-jointed
limestone, in thin parallel beds, and the exposed surface has in con-
sequence a shattered appearance. The Weka-pass Stone is a pale

* ' Geological Eeports,' 1873-74, p. 44 (published in 187i).
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yellow or whitish arenaceous limestone with scattered green grains,

which get more abundant near the base but are never sufficientlynume-
rous to give it a green colour. The exposed surface is honeycombed,
thus strongly contrasting with that of the Amuri limestone. A close

inspection shows that the upper surface of the Amuri limestone is

much broken and fissured, the Weka-pass Stone penetrating into

the fissures for a distance of one or two feet, with an abrupt division

between the two rocks. Also rounded pebbles of the Amuri lime-

stone are found in the Weka-pass Stone within six inches of the

junction, but not higher. These pebbles are not concretions, as has

been supposed, for they are exactly similar in composition and
structure to the Amuri limestone on which the}' lie, and are quite

different in appearance from the concretions found in the green

sandstones underlying the Amuri limestone. Evidently we have a

waterworn surface, and therefore, as the nature of the upper

rock excludes the idea of chemical erosion, we have an uncon-

formity. In addition to this the Weka-pass Stone overlaps the

Arauri limestone to the north and rests on the slate rocks of Mt.

Alexander at Hurinui ; and as neither rock is a shallow water

deposit, and as the Amuri limestone extends far north of the

Hurinui, this overlap is another proof of unconformity. Over-

lapping is also seen in other places as mentioned in mj' report pre-

viously alluded to.

Motunau River.—I have not examined this section myself, but

Mr, M'Kay says, that near the north-east part of Mt. Cass range

there is a syncline, in which the Grey Marl is seen overlying the

Amuri limestone (fig. 3). On the west side of this syncline the

Fig. 3.

—

Section across the ^Soutli Branch of Motunau Creeh

{after M'Kay).

For explanation see fig. 1.

Grey Marl, containing here Pecten Zittelli *, rests unconformably on

the lower beds of the Waipara System, while it passes upwards

into the Mount-Brown bedsf, Nevertheless, Mr. M'Kay thinks

that this apparent relation of the Grey Marl to the Mount-Brown
beds is not real, because more to the north-east the Grey Marl is

interbedded with the upper portion of the Amuri limestone J ;

* Pecten Zittelli, Huttou, is the same as the Pecten belonging to the group
Pleuronectes, in the palaeontology of the voyage of the ' Novara,' pi. ix. f. 3.

t ' Geological Eeports,' 1879-80, p. 1 13.

\ His section, however, shows the Grey marl as unconformable on the Amuri
limestone, as well as on the older Waipara beds (see fig. 3). and at 3a the

Amuri limestone is unconformable on the Waipara beds.
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" which," he sa3's, " must convince any one that the conformity to

the Mount-Brown beds in the south-west branch of the Motunan
River is only apparent." I confess that I cannot follow this

reasoning. It seems to me that these sections, if they are correctlj^

interpreted, show an unconformity between the Amuri limestone

and the lower beds of the Waipara Sj'stem, and a regular sequence

from the Amuri limestone into the Mount-Brown beds, although

the WeJca-joass Stone is ahseyit. But probably Mr. M'Kay has here

mistaken the Weka-pass Stone for the Amuri limestone, a very easy

mistake to make ; and if this is the case his sections will agree with

those in other localities,

Stonyhurst.—This place is on the sea-coast, a little south of the

mouth of the Hurinui. Here the Amuri limestone is overlain by a

grey sandstone, probably the representative of the Weka-pass Stone.

Between the two rocks is a bed of conglomerate formed by sub-

angular pebbles of slate. At first sight all three appear to belong

to one system ; but a close inspection shows that the surface of the

limestone is fissured, and that the sandstone penetrates through the

conglomerate into the fissures of the limestone. This, however, may
be due to chemical erosion.

Biver Coniuay.—Some ten or twelve miles from the mouth we
again get an excellent section in the bed of the river (fig. 4). Here

S.S.E.

Fig. 4.

—

On the South Bank of the Coniuay Biver.

(Distance | mile.)
N.N.W.

For explanation see fig. 1.

the Amuri limestone is seen to be somewhat folded, and overlain

quite unconformably by a bed of blue marl passing upwards into

pale yellow sandstone *. As will be seen later, the fossils found

in this marl make its age rather doubtful. I believe it to be

the same as the Grey Marl of the Weka Pass, but it may be younger.

Dr. von Haast says of this section, " The lowest limestone layers have

been deposited without disturbance, but seem afterwards, on the

western side, to have been folded up in a most remarkable manner,

after which newer beds of the same rock have again been deposited,

reposing unconformably upon the lower beds. This fold does not

occur on the opposite, eastern, side, but the unconformity between
the upper and lower beds exists there also " f. The fossils, how-
ever, show that the upper rocks are mUch younger than the Amuri

* 'Geological Reports,' 1873-74, p. 48.

t ' Geological Eeports,' 1870-71, p. 40.
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limestone upon which they rest, and the unconformity therefore is

not due to local causes, but is the result of a general denudation.

Amuri.—Here we get another section showing the Amuri lime-

stone covered by the Grey Marl (fig. 5). Dr. von Haast thinks that

Pig. 5.

—

Section through Amuri South Bluff.

(Distance one mile.)

5 3 1

For explanation see fig. 1.

the Grrey Marl (called Leda-beds) has, at the South Bluff, been
deposited in sequence on the Amuri limestone * ; but he makes a

difference in the dip of the two rocks. For 'in his section he shows
the limestone dipping E. 70°, and on p. 38 of his report he says

that the Grey Marl dips S.E. 48° to 22°. At the same locality I

found, like Dr. von Haast, that the Amuri limestone dipped E. 70°,

and that the Grey Marl in contact with it dipped E.S.E. 45°,

gradually changing to S.E. 15°; thus indicating an unconformity,

although the actual junction of the two rocks was not seen.

According to Mr. M'Kay, a bed of " green-sand conglomerate "

comes between the Amuri limestone and the Grey Marl, which he
supposes to represent the Weka-pass Stone t. He* has no doubt

that all are conformable and belong to one system, but he makes
the Amuri limestone to dip E.S.E. 45°

J, and the Grey Marl to dip

S.E. 45° to 15°. He also shows that the Amuri limestone thins out

in a distance of about a mile, from 630 feet at South Bluff to 330
feet at Amuri Bluff, while the underlying beds belonging to the

Waipara System retain their thickness, or even get thicker §. In
a bed of argillaceous limestone with flints, which extends from the

Waipara to Cape Campbell, this rapid local thinning in the middle

of its length looks much like the result of denudation.

^o fossils had been described from the Grey Marl at this locality

when I wrote my report, and I placed it in the Pareora System
(Miocene) because the rocks in the Conway were supposed to be of

that age. Since then Dr. Hector has found Pecten Zittelli and other

fossils in it which would make it probably the same bed as the

Grey Marl of the Weka Pass.

* ' Geological Reports,' 1870-71, p. 37.

t This is the " Pucoidal limestone " of Dr. Hector (Geol. Eeports, 1873-74,

p. xi), which he places below Weka-pass Stone (Geol. Eeports, 1877-78, p. 192).

Mr. M'Kay obtained bones of 'Palceeudyptes antarcticus, Huxley, from it.

\ Judging from this dip Mr. M'Kay appears to consider as Amuri Hme-
stone the same beds that I consider to be Grey Marl ; and this may account for

his statement that Pecten Zittelli occurs in the former rock.

§ ' Geological Eeports,' 1874-76, p. 178.
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Kaihoura Peninsula.—This is perhaps the most satisfactory of all

the sections along the coast, as both the Amuri limestone and the

Grey Marl are clearly exposed in sea-cliffs, especially at the eastern

end of the peninsula. Dr. von Haast gives sections, running east

and west from East Head, showing the Grey Marl (called Scalaria^

beds) resting quite unconfonnably on the limestone, and he de-

scribes the marl as much younger than the limestone and often

unconformable to it*. In my report (1873) I gave a section of

East Head (fig. 6), running in a north-east and south-west direction.

Eig. 6.

s.w.

-East Head of Kaikoura Peninsula.

(Distance one mile.)
N".E.

W.S.W. 5°

Eoi' explanation see

which is merely a sketch of the cliffs as seen from the sea, and
which quite confirms the opinion of Dr. von Haast. Dr. Hector,

however, denied the correctness of these reports, and Mr. M'Kay
subsequently gave a section showing the two rocks apparently con-

formable t, but in his report he makes no allusion to the subject,

and does not even mention his section.

The true position of the beds is, however, qnite clear and un-
mistakable by any one who will walk round East Head. But as

further evidence may be necessary, I give from my note-book the

plan and section of a junction, a few yards long, between the two
rocks, as seen on the sea-beach on the south side of the peninsula

(fig. 7).

Eig. 7.

—

On South Beach of Kaikoura Peninsula. Plan and Section

showing junction of Amuri Limestone and Grey Marl.

Plan. Section.

For explanation see fig. 1.

* ' Geological Eeports,' 1870-71, p. 43 ; sections vii. and viii,

t * Geological Reports,' 1874-76, p. 170; section A A.
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\

ISTo fossils have been found in the Grey Marl here, but no donbt
it is the same rock as the marl at Amuri BluiF, about 13 miles

distant.

Conclusions.—The following conclusions can, I think, be fairlj'

drawn from the evidence :

—

1. The sections at Waipara, Weka Pass, and Motunau Eiver all

show that the Grey Marl passes up confoa-mably into the

Mount-Brown beds; and these are the only described

sections in the whole of !N'ew Zealand where the relations

between these two rocks can be studied.

2. At the Motunau Eiver the evidence is clear that an uncon-

formity exists somewhere between the Grey Marl and the

lower beds of the Waipara System.

3. At Kaikoura Peninsula (and probably at Amuri Bluff and
Eiver Conway) the evidence is clear that the break is some-

where between the Grey Marl and the Amuri limestone.

4. At Waipara and Weka Pass the Grey Marl passes downwards
conformably into the Weka-pass Stone. The same is pro-

bably the case in the Motunau Eiver ; and these are all the

described sections in IN'ew Zealand where the relations be-

tween these two rocks can be studied.

5. At Waipara and Weka Pass (and probably at Stonyhurst) the

Weka-pass Stone rests on a waterworn surface of the Amuri
limestone. In the Weka-Pass district the Weka-pass Stone

overlaps the Amuri limestone, and Mr. M'Kay's section of

the MotunauEiver probably shows that it rests unconformably

on the lower beds of the Waipara System.

Consequently th^ break in the succession must be between the

Weka-pass Stone and the Amuri limestone.

Pal^ontological Evidence.

As it is necessary to restrict ourselves to the described fossils that

have been found in the district included in the sections, and not to

take in any from supposed equivalents of the rocks elsewhere, the

palseontological evidence is limited.

The Amuri limestone is almost unfossiliferous, at any rate it con-

tains no characteristic fossils, but it is always associated with un-

derlying rocks containing remains of marine Saurians and Mesozoic

MoUusca. Mr. M'Kay says that at Amuri Bluff it contains the

same fossils as the Grey Marl *, but the only evidence of any value

that he gives is the finding of Pecten Zittelli, Hutton, in the Amuri
limestone. I have already hinted that this shell may have come

from the Grey Marl, where it was found by Dr. Hector ; but if its

occurrence in the limestone should be confirmed, it would merely

lessen the value of P. Zittelli for correlating rocks ; as this species

passes up into the Pareora System (Miocene).

* Trans. N. Z. Institute, ix. (1876), p. 583.
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In the Weka-jyass Stone the following fossils have been found :

—

Bones of Cetaceans, Voluta elongata, Hutton, Scalaria rotunda,

Hutton, Struthiolaria senex, Hutton, Pecten Hoch.stetteri, Zittel,

Jleoma Orawfordi, Hutton, Schizaster rotundatus, Zittel, and Fla-

hellum circulare, Tenison-Woods. All these are also found in other

parts of New Zealand in beds generally admitted to be of Upper
Eocene age ; and Dr. Hector even mentions StrutJuolaria senex,

Pecten Hoclistetteri, and Jleoma Crawfordi as characteristic of the

Upper Eocene rocks *. Pecten Hoclistetteri passes up also into the

Pareora System, and Flahellum circidare into the Pliocene beds

of Shakespeare's Cliff at Wanganui, in "Wellington Province. None
of them are known from the Waipara System f. The palaeon-

tological evidence is therefore altogether in favour of the Weka-pass
Stone belonging to the Oamaru System.

In the Grey Marl, Dr. Hector has found Pecten Zittelli in the

Weka Pass J and at Amuri Eluif, and Mr. M'Kay has found it at

Motunau Eiver together with Dentaliura tenue, Hutton. Flabellum

laticostatum, Tenison-Woods, has been obtained from the Weka Pass.

All these fossils occur in other places in rocks belonging to the

Oamaru System. Pecten Zittelli was originally figured by Zittel

from rocks which both he and Dr. von Hochstetter considered as

Oligocene or Upper Eocene. None of them are known from the

Waipara System unless P. Zittelli extends into the Amuri lime-

stone. The Grey Marl must therefore be placed in the Oamaru
System.

Erom the marl in the Conway Eiver have come Natica solida, Sow.,

Solenella australis, Quoy and Gaimard, Solenella, Salicornaria im-

mersa, Tenison-Woods, Scolangia parvisepta, Tenison-Woods, and
Balanophyllia alta, Tenison-W^oods. Of these Solenella australis is

still living, and Natica solida is common in the Pareora System.

It has also been obtained in the Weka Pass, but from which rock is

unknown. There is nothing here to connect this bed with the Grey
Marl at Weka Pass and at Amuri Bluff, and its age must for the

present remain doubtful.

The palseontological evidence is therefore decidedly in favour of

the Weka-pass Stone and the Grey Marl belonging, with the Mount-
Brown beds, to the Oamaru System. The Amuri limestone is

allowed by all to belong to the Waipara System, but as it is almost

unfossiliferous, there is no palgeontological evidence as to its proper

place. It is, however, always associated with rocks of admitted

Cretaceous age ; while beds containing the same fossils as those from

the Weka-pass Stone are found in many places in New Zealand

from which no rocks containing generally admitted Cretaceous fossils

are known §. Consequentl}^ the palseoutological break must be be-

^ ' Qeological Eeports,' 1878-79, p. 76 ; and ' Handbook of New Zealand,,

2nd ed., 1883, p. 28.

t Such is my impression. The Cretaceous MoUusca of New Zealand have
not yet been described. |

' Geological Eepoi'ts,' 1873-74, p. 10.

§ The following are examples :—Lower Waikato District in Auckland,
Grolden Bay in ]S'elson, Brighton on the west coast of the South Island, the
south-eastern portion of the Canterbury Province, Oamaru in Otago, and
Winton in Southland.
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tween the Amuri limestone and the Weka-pass Stone, exactly where
the stratigraphical evidence places it.

In his ' Progress Eeport of the Geological Survey of 'New Zealand

'

for 1881 (p. xxii), Dr. Hector has given his reasons in favour of a
Cretaceo-tertiary System, and I gladly reproduce them so that hoth
sides of the case may he taken into consideration. He says, " The
objections which have been suggested against the present classifi-

cation appear to rely for substantiation on the fact that the fossils

of certain localities are not in every respect those found in other
localities, and thus, while the Cretaceous age of the beds in some
districts is not disputed, in other localities the coal series, although
lithologically the same in character, and closed by beds acknowledged
to be the equivalent of those terminating the admittedly Cretaceous
rocks, are, on account of a more Teiiiary aspect of their fossils, pro-

nounced to belong to a younger formation. In jS'orthern Canterbury,
as far south as the Eakaia Eiver, the coal rocks are overlain by
fossiliferous strata, which, besides the Plesiosauroid reptiles for

which the "Waipara district is famous, contain a few Secondary
genera, such as Belemnites, AporrJiais, Inoceramus, and Trigonia

;

but the great mass of the associated molluscan fauna agrees with
that of the coal rocks in other parts of Xew Zealand, where the
specially Cretaceous forms are rare or absent from the fossiliferous

horizons immediately overlying the coal-seams. If, therefore, after

eliminating the comparatively few fossils which form the peculiarities

of two localities, the bulk of those remaining are found to be the

same, there need be no hesitation in considering strata showing the
same succession of like characters in its different divisions as be-
longing to the sa^e series ; and, if in any one of these locaHties there

is evidence that the beds are of Cretaceous age, the other must be
regarded as of that age also. But if, in addition to this, there be,

in those localities where the lower beds lack fossils proving their

Cretaceous age, a presence of Cretaceous forms in the higher beds

of the same series, the correctness of the correlation will in this

way be corroborated. It is partly by evidence of this kind that the

Cretaceous age of several of our coal-bearing areas is sought to be
established."

But in this argument there is, I venture to think, a fallacy. It is

no doubt true that the coal of the Waipara is overlain by green sand-

stones and calcareous rocks of Cretaceous age, and that these are again

overlain by other calcareous rocks containing fossils of Tertiary

aspect, such as Pecten Hochsfetteri and P. ZittelJi. But it is not ac-

knowledged that these latter terminate the Cretaceous rocks. On
the contrary it is asserted that they form a distinct series, separated

physically and palseontologicaUy from the Cretaceous System, and
belonging to an Oligocene vSystem. Consequently it is not admitted

that the great mass of the Molluscan fauna associated with marine
Saurians at Waipara " agrees with that of the coal-rocks in other
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parts of New Zealand." Por this statement can only be supported

by taking the fossils of the Weka-pass Stone and the Grey Marl,

together with their equivalents in other parts of the colony, such as

the Ototara and Cobden limestones, as belonging to the Waipara
System. I judge this to be Dr. Hector's meaning, because a little

further on he says, " The Cretaceous character of the Echinodermata

found in the Cobden limestone, also present in the Ototara stone,

warrants the reference of these beds to a period anterior to that of

any Tertiary deposit in the islands, the oldest of which is at least

[? most] Middle Eocene, and separated by unconformity from the

underlying beds." But passing over the Tertiary MoUusca asso-

ciated with these Echinodermata, I cannot admit the Cretaceous

character of the Echinodermata themselves. Up to the present, six

species have been described from the Cobden limestone, belonging to

the genera Macropneustes, Eupatagus, Meoma, and Schizaster. It

was with reference to these very fossils that I wrote in 1873, in

the introduction to the ' Tertiary Mollusca and Echinodermata of

New Zealand,' that " an examination in the field of the Culverden

beds * showed me that these also must be transferred to the Ototara

group, and the Weka-pass building-stone to the lower part of the

same formation. This necessitated the transference of the Cobden
limestone also into this formation, thus eliminatingfrom the Waipara
formation most of its Tertiary-loohing fossils." It must also be
remembered that Pecten ZittelU occurs in the Cobden limestone.

As the Mollusca of the Waipara System have not yet been de-

scribed, I may be mistaken ; but my impression is, after looking

over the collections in the different Museums, that if the line be-

tween the Waipara and Oamaru Systems be taken immediately

above the Amuri limestone, hardly any species of Mollusca, perhaps

not a single one, will be found on both sides of it ; whereas if it

be drawn anywhere above the Weka-pass Stone there must always

be a large number of species found on both sides of it.

I have already stated that no characteristic fossils have been de-

scribed from the Amuri limestone itself, and consequently an
equivalent in any other part of ISTew Zealand can only be demon-
strated at present by showing that it contains fossils characteristic

of the other beds of the Waipara System, or that it rests conformably

on beds containing such fossils ; and in the latter case the proof

would not be conclusive, as the Oamaru System might appear con-

formable in some places to the Waipara System. .

Again it is true that the Coal at Whangarei and the Bay of

Islands, in the Province of Auckland, is overlain by green sandstones

and limestones containing Pecten Hochsietteri, P. ZittelU, &c., and

that all belong to one system. But it is on the assumption that the

coal and green sandstones at these places are of the same age as

the coal and green sandstones at the Waipara, that the argument is

based for considering the beds containing fossils of Tertiary aspect

to belong to a Cretaceo-Tertiary System. But lithological resem-

* Called Jurassic by Dr. von Haast and Prof. M'Coy, Geol. Eeports, 1870-

1871, p. 29.

Q.J.G.S. No. 163. X
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blances can have no weight when opposed to palseontological

evidence, especially when the localities are 450 miles apart. And
if it has been proved that there is a break in the Weka-pass
district between the Cretaceous beds and those containing Tertiary

fossils, then the coal and green sandstones at Whangarei must be
referred by their fossils to a Tertiary and not to a Cretaceo-Tertiary

System.

So long as these fossils are assumed 'co beloug to a Cretaceo-

Tertiary System, so long will Dr. Hector be right in saving that

"the classification of our Lower Tertiary and Upper Cretaceous

deposits is a problem of considerable difficulty." But let the line

of division be taken where the sections in the Weka-pass district

show it to exist, and I think the problem vrill be found capable of an
easy solution.
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28. Chilostomatoijs Bryozoa /rom Aldinga and tlie River-Mtjrray

Cliffs, South Australia. By Arthur Wm. Waters, Esq.,

P.G.S. (Read February 25, 1885.)

[Plate VII.]

The fossils described in the present paper were collected by Professor

Ralph Tate, who kindly sent them over to me for description.

With a few exceptions, they are from Aldinga, or the " River-

Mnrray Cliffs." A few small and imperfectly preserved specimens are

from a bore-hole in Adelaide, representing a find which seems to

have considerable geological interest. They are evidently from a

clay matrix, and belong to species common in the clay of Curdles

Creek. The collection furnished various Cyclostomata, which have

already been dealt with in a former paper (Quart. Journ. Geol. Soc.

vol. xl. p. 674).

As a considerable number of Australian fossil Chilostomata have
already been described, we naturally find many old friends ; but

there are also several new forms of extreme interest, especially as

bearing upon the question of the various modes of growth of the

Chilostomata. The previous collections have furnished a large

number of instances of a species growing in both Eschara- and
Lepralia-forms, and we again find new examples of this, among which
Memhranipora rJiynchota, Busk, in the Eschara stage, is especially

interesting ; and there are examples of already-known Smittice and
Monoporellce occurring in a reticulate form ; but this time the chief

interest is in a number of specimens which grow in a cupulate

manner, which we might either call Cupularia- or Lunulites-form,

and for convenience we will adopt the latter. There is Lepralia

edacc in this form ; a Microporella for which the name pocilliformis

is proposed ; and, further, a second MicroporeUa^ which was named
by Mr. Tenison-Woods Lunulites magna ; also Memhranipora aperta,

Busk, in this form. We are already acquainted with Ouniidipora

transilvanica, Rss., which is a Microporella growing in a solid form.

Sticliopora clypeata^ Hag., and Imnidites Ooldfussi, Hag., are both

Membraniporidae ; Cellepora crustidenta, Hag., has zooecia similar to

those of Selenaria macidata, Busk ; Lunulites incisa, Hincks ( Gones-

charellina conica, Haswell)* is a species of the Schizoporellidae ; Cel-

lepora tridenticidata, Busk, found by the ' Challenger ' expedition in

the lamellar condition, is represented by several fossil specimens,

some of them in the most regular Liaiidites-iorm. Another Celle-

pora also occurs in this shape.

The genus Cellepora is, even when well-preserved recent specimens

are available, a most difficult one to deal with, and with fossils where
the terminal portion of the cell is often only imperfectly preserved

the difficulty is immensely increased ; but after repeatedly returning

to this genus the results obtained are interesting. In a paper ^' On

* These two names were published in the same year, and I am unable to find
out at present which has precedence.
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the Use of the Opercula in the Determination of the Cheilostomatous

Bryozoa "*, I figured the opercnla of some Cellejjorce, and pointed out

that the " opercula may assist very much to bring this family out of

its present confusion." Mr. Busk took up the idea, when working
at the ' Challenger ' Bryozoa, and the results he obtained are of great

value ; and I may say that my own collection of opercula indicates

that many difficult genera may be brought into order by the study

of the chitinous organs.

The opercula are, of course, wanting in fossils, but the exact know-
ledge of the oral aperture thus gained may nevertheless be used.

In comparing recent with fossil species it is most important to

study the opercula, and in describing this series of Austrahan col-

lections such comparison has always been made when possible.

In the Cellejjorce the shape of the zocecial or vicarious (Busk)

avicularia t is of great value ; but I must here repeat what I have
already said (Quart. Journ. GreoL Soc. vol. xxxix. p. 424) regarding

other genera, namely, that the presence or absence of these avicularia

cannot be made a specific character. Among several specimens of

recent Cellepora alhirostris from the Semaphore, Adelaide, there are

some in which the vicarious avicularia abound ; in one or two I do
not find any ; while in other cases, after searching over a large part

of the colony in vain, a part is found where ten or twelve may come
under the field of the microscope at the same time. Similar condi-

tions obtain in recent C. tridenticulata from the same locality, and
among the fossils we find the same thing ; for in one large block of

this species only one avicularium was found after a complete search

among many thousand zocecia. In the present paper the vicarious

avicularia are figured of Jlonojwrella sexangidaris. corresponding

with those already known from European localities, thus showing
that it had been rightly determined before these avicularia were
found. Many specimens of Cellaria angustiloba have now been

examined ; but it seems that avicularia have only been found in two
cases. In the Australian fossil Memhranipora Michaudiana only one

has been found. In Microjjorella elevata most interesting lateral

zocecial avicularia are now for the first time made known. As
bearing upon this subject, it may be mentioned that in reexamining

my collection I was surprised to find in Memhranipora Dumerilii a

vicarious avicularium, so that here is a case of a common Memhrani-
pora in which none have previously been found now yielding an

isolated example %.

Only a short time ago the presence or absence of these organs was

* Manchester Lit. & Phil. Soc. vol. xviii. p. 8, pi. i.

t These zocecial avicularia have been named '' onychocellaria" by Dr.

JuUien ; and it is doubtful whether it would not have been better to adopt

this than to give a new name. The mandible he then names " onychocelliima."

+ Mr. Busk, in his paper " On the Use to be made of the Chitinous Organs"

&c., describes a slender process rising from the middle of the base of the avicu-

larian mandible, and this he terms the " columella," and here and in the ' Chal-

lenger' Eeport, p. xix., says that it only occurs in one division of the genus

CeUejpora, and in this division " only in those belonging to the southern hemi-

sphere." This is by no means the case, as it is to be found in Cellepora
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made a generic test, and the tendency still remains to attach great

weight to their absence ; but the instances furnished in this and
former papers show that great caution is necessary here, though

certainly when present they furnish characters of the greatest value.

Their presence also often materially changes the general appearance

of the colony, and no doubt many reductions of supposed species will

have to be made, just as entomologists have frequently found that

the male and female insects have received different names. We
ought now to give greater attention to the nature of each character

than to the general appearance of the zoarium, which often super-

ficially varies greatly when young or old and from different depths.

Since my last paper was published the most valuable and interest-

ing ' Report ' on the ' Challenger ' Bryozoa has appeared, in which,

as we expected, Mr. Busk puts into our hands a series of splendid

illustrations and concise descriptions. In this place we can only

consider tnose parts which have a bearing upon the fossils found in

Australia, and the number of representatives of this fossil fauna is

not so large as we expected, but we find Porina coronata, E.ss.

{Eschara gracilis, Busk), Schizoporella phymatopora {Myriozoum
Jionolulense, Busk), Gellepora alhirostris, O. tridenticulata, and Mono-
porella crassatina, W., all of which seem to have been common
fossils. It will be seen that the generic names used are not in every

case the same ; and we may point out that Mr. Busk has, of course,

abandoned the classification which he found it convenient to adopt

thirty-two years ago, before the labours of Smitt, Hincks, and
others had shown that the zooecial characters must be taken as of

most importance. It is not, however, astonishing that Mr. Busk
should now and then show a predilection for a style of classification

not quite in accordance with the thorough changes which some of

us feel must be adhered to ; but these are now matters of detail,

as the main modern principles are recognized, and we may say all

leading authorities are now working in the same direction.

As instances, the divisions of the families Membraniporidae and

sardonica, W., from the Meditei-ranean, and in C. corotwpus, C. retusa, var.

caminata, and other species. Mr. Busk {loc. cit. p. 90, note) seems to have
looked in vain in C. sardonica for it ; but perhaps he only examined the oral

avicularia, in which none are to be found, whereas in the small semicircular

mandibles it is i-eadily distinguished. On referring to a drawing of a mandible
made when describing C. sardonica some years ago. I find that there is a large

columella shown, and upon reexamination I find them iisually quite distinct,

though in some other species they are but rudimentary. In many species there

is a denticle in this position rising from the calcareous bar which divides the

avicularium, and this is shown in my figure of C. sardonica (Ann. & Mag. Nat.

Hist. ser. 5, vol. iii. pi. 14. fig. 5), and maybe seen in C. alhirostris, C. tridenti-

culata, various BetejporcB, Lepralia edax, &c., being by no means confined to

Cellepora. It is thus Seen that it may sometimes be a useful character in de-

termining fossils. The mandible of Diachoris magellanica, Busk, has a double
" columella." I think that it will be found that what Mr. Busk describes as
" short hairs " on the columella are only the remains of the attachment of mus-
cular threads. The subject of the avicularian mandibles I have dealt with

more fully in a paper which will appear in the Journal of the Royal Micro-

scopical Society, ser. 2, vol. v. pt. iv.
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Microporidae seem singular!}^ unfortunate, although, no doubt, Mem-
hranijpora must be broken up, not merely because it has become
unwield}'-, but because species are included in it in which there are

important differences of organization. It seems clearly advisable

to include in one family only those forms in which the operculum
is fixed in the flexible membrane covering the zooecial area (opesia,

Jullien), as in Memhrani^ora angulosa, M. memhrcmacea, &c.

;

whereas those like Microjoora imcifera, Busk, which have a " com-
plete " operculum placed in a corresponding aperture with a cal-

careous border should be placed in another family; but in the
' Eeport ' Am]jMhlestrum capense^ Busk *, a species in which the aper-

ture is entirely closed by a thick operculum, is put among the

Membraniporidse, a family in which the calcareous aperture is

opesial, and not opercular. Then again, under the Microporidae, we
find as type the genus Micropora^ which always has an opercular

opening ; next, the genus VincuJaria, in which there is an opesia,

and in the membranous cover an operculum closely resembling

those of Memhranipora angulosa, Ess., Selenaria maculata, &c.,

while Steganoporella has opercular apertures.

Both Vincularia and Eschara are genera that have included widely

divergent forms, and on the cylindrical, or erect bilaminar, mode of

growth the genera have been based ; therefore it is much to be

regretted that they have been revived. Two species of Eschara are

described. E. elegantula, Busk, as to the position of which we may at

present withhold judgment ; and E. gracilis. Busk, a species which
is found in all stages, from a very delicate Vincularia form to large

flat foliaceous growth, and which in this and former papers is called

Porina coronata, Ess., a determination based upon direct compari-

son with typical P. coronata from the Italian Miocene, with recent

specimens sent over by Mr. Haswell, and with a considerable

series of Australian fossils. The divisions of the family Escharidae

are partly based upon the mode of growth, which is interesting for

momentary classiflcation, if we do not forget that the form is often

so variable that we might almost call it accidental. This variability

can be seen in Crihrilina monoceros, C. terminata, and over a hundred
other species.

Myriozoum is a name given by Donati to the living erect cylindri-

cal M. truncatum, which has some structures so different from those

of the majority of the Chilostomata, that it is doubtful if it should

not be placed in a separate division. The central spongy structure

is entirely wanting in the species which Mr. Busk now places under

Myriozoum, but probably all the ' Challenger ' species will be found

to fall into existing genera. M. honolulense is reaUy in the Heme-
scharine stage, and is, in the present and previous papers, called

8chizoporeTla phymatopora. M. simplex is known as Gellepora mar-

garitacea, Pourtales, but cannot remain with the Celleporce. The
name of M. immersum must be changed, as it is very near to a species

called Onchopora immersa by Mr. Haswell.

Mr. Busk proposes a genus Adeonella for forms which have pre-

^ This I have from Algoa Bay.
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viously been placed under Microporella, and as many occur fossil

from Australia and other f)laces, it becomes necessary to give especial

attention to this new genus. It would certainly seem that a number
thus placed have marked characteristics, which make it advisable to

separate them ; but Mr. Busk has certainly overlooked important

points, which make it necessary to reduce his list very largely ; for

some have a median pore entering into the zooecial cell, while others

have a pore or opening above the opercular aperture, and every one,

whatever his ideas of classification, will admit that this is a most
important distinction, placing them in different families in spite

of a certain similarity in general appearance. The importance of

noticing the position of the median pore or opening I pointed out

(Quart. Journ. Geol. Soc. vol. xxxviii. p. 269) when considering

Porina larvalis^ jVIacGr., and this distinction is recognized by Mr.
Busk when creating the genus Haswellia. My own collection is not

very rich in these groups, but nevertheless is ample to study them.

AdeoneUa platalea, Busk, for which I am indebted to Mr. Haswell,

who sent it over as Eschara hecvagonalis, is a most characteristic

AdeoneUa, with oral operculum and avicularian mandible correspond-

ing with Mr. Busk's figure, and here the pore enters into the peri-

stome just above the operculum, which is placed very low down.
AdeoneUa j^ohjstonieUa, Ess. (^Eschara Pallasii, Heller), living near

Naples and elsewhere in the Mediterranean, and fossil from the

Miocene and Pliocene, has the characteristic operculum of the

AdeoneUa group, and the central pore opens above the oral aperture,

so that when a young cell is examined, there is no pore, but one is

afterwards formed by the growth of the peristome which at an early

stage bridges over the front, just as figured by Mr. Busk in Smittia

jacohensis (pi. xix. fig. 7). The oral aperture of AdeoneUa poly-
stomeUa has a sinus which is seen through the central pore. Micro-

poreUa violacea, Johnst., which Mr. Busk would now include in a

genus ReptadeoneUa, has a true median pore which enters into the

zooecial cavity, and is formed when the zooecium is in an early

stage. It also has an operculum with a straight edge, similar to

that of MicroporeUa ciUata, &c.

From Mr. Busk's figures and from specimens collected near Capri,

it is clear that MicroporeUa distoma is not an AdeoneUa, nor is 3L
coscinopora, E.ss., which is distinct from J/, distoma. M. Uchenoides,

M.-Edw., and M. fissa, Hincks, have also the median pores opening

into the zooecial cavity, and must at present be united with Micro-

poreUa., though possibly they may some day be placed in a separate

genus. This leaves us with AdeoneUa polymorplia, B. ; A.platalea,
B. ; A. intricaria, B. ; A. atlantica, B. ; A. pectinata, B. ; A. poly

-

stomella, Ess.

Seeing that the median pore of the Microporellidaj, and the central

pore ofAdeoneUa are structurally different, and that the oral aperture

and operculum in the two families have different shapes, we feel sure

that it merely requires this to be pointed out for Mr. Busk and
every one else to see that they cannot be placed in the same genus

;

for it would be going back in classification if we were to be misled
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by general appearance when the two most important characters are

utterly different.

Mr. Busk frequently refers to the enlarged ooecial cells without
giving figures, which is much to be regretted, as such cells are not

always to be found, and in no species of Adeonella have I ever seen

any. In A. jpolystomella the border cells are slightly larger and have
but seldom an avicularium, and in many Cretaceous fossils with an
Escharine growth the border cells are frequently larger than the

central ones without there being reason to suppose that they are

modified cells. The finding of a polypide {he. cit. p. 178) in an ovicell

is so entirely at variance vtdth all our previous conceptions, that we
should have been glad to have had fuller particulars and figures.

The collection here described furnishes 73 species, of which 46 are

known liviiig, bringing the number of Australian fossil Bryozoa de-

scribed u]3 to 220, of which just about half have been found living.

of Species.

Cellaria malvinensis, Biisk
angustiloba, JB

Membranipora aperta, Bti^k
circularis, d'Orb
Savartii, Aud
radieifera, Hincks
rhynchota. Busk
temporaria, s^. nov
Flemingii, Busk
eylindriformis. Waters
parvicella, T. Woods
Michaudiana, d'Orb
trifolium, var

Micropora patula, Waters
perforata, MacG

Monoporella crassatina, Waters . .

.

sexangularis, Goldf.
Stenagoporella magnilabris, B

Eozierij var. indica, S.
Cribrilina radiata, 3IoU

figularis, Johnst
terminata, Waters

Mucronella mucronata, Sm
nitida, Verrill

coeeinea, Tar. mamillata, B
coeeinea, y. resupinata, Manz.

Mieroporella grisea, Lamx
eoscinopora, -var. armata, W...
violacea, Johnst., var. fissa, W.
symmetrica, TFiz^ers

ferrea. Waters
pocilliformis, sp. nov
(Lunulites) magna. Woods . .

.

magnirostris, MacG
elevata, Woods

Porina coronata, Uss
Lepralia edax. Busk

depressa, var., W.
rostrigera, Sm
escharella, Eomer
hnvlingtoniensia. Waters

•^Jf

X-:

Allies and Localities.

Crag.
Cretaceous.

Crag.

Bird Eock.

]S"apier.

Napier ; Waurn Ponds.
Orakei Bay.

Crag.

Adelaide.
Adelaide, Waurn Ponds.
Adelaide.

Adelaide, Bird Eock.
Crag.

Oligocene.
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List of Species (continued).

Lepralia subimmersa, MacG
confinita, sp. nov

Smittia Tatei, T. Woods
Landsborovii
reticulata, MacG
seriata, Rss
Milneana, B., v. coaequata, W.

Schizoporella vulgaris, Moll
simplex, J., var
phymatopora, Rss
atriatula, Sm
fenestrata, Waters
Cecilii, Aud
protensa, sp. nov

Mastigophora Dutertrei, Avd
Eetepora marsupiata, Sm
Rhynehopora bispinosa, Johnsf. ...

Cellepora coronopus, Busk
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Allies and Localities.

Waurn Ponds.

Adelaide.
Crag?

Yorke's Peninsula.

Bird Eock.

1. Cellaria malvinensis, Busk.

Scdicornaria malvinensis^ Busk, Cat. B.M. p. 18, pi. Ixiii. figs. 1, 2 ;

pi. Ixv. {his), fig. 1 ;
' Challenger ' E,ep. Zool. pt. xxx. p. 91, pi. xii.

figs. 1, 5, 7.

Cellaria malvinensis, "Waters, Quart. Journ. Geol. Soc. vol. xxxvii.

p. 321, pi. xiv. fig. 3.

Salicornaria inimersa, T. "Woods, Corals and Bry. of I^eoz. Per.

in jN'ew Zealand Colon. Mus. & Geol. Surv. 1880, p. 27, fig. 27.

There are a few small fragments of Cellaria from the River-

Murray Clifi's, and in only one piece is there a zooecial avicularium.

This avicularian cell is of the same shape as a zooecium, but is slightly

smaller, with a wide avicularian aperture. Possibly a second species

is also represented. C. malvinensis was found by the ' Challenger '

widely distributed in the southern hemisphere in depths varying

from 5 to 1450 fathoms.

Log. Living : Falkland Island, South Patagonia, Straits of Ma-
gellan {Darwin). Six stations of 'Challenger' Exped., from Ker-
guelen, Marion Island, S. America, Piji Islands. J^ew Zealand
{Hutton). Port Wellington {Miss Jelh/s Coll.). Fossil: Mt.
Grambier, Bairnsdale, Muddy Creek, Curdles Creek (Australia).
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N'elson (from Leda marls vi.), Waipukerau, Shakespeare Cliff (Wan-^
ganui) I'New Zealand].

2. Cellaeia AifGusTLLOBA, Busk ; Waters, Quart. Journ. Geol. Soc.

vol. xxxviii. p. 260, pi. ix. figs. 28-30.

The avicularia are all situated at the edge of the zoarium. The
notch noticed in the avicnlarium of the Mount-Grambier specimens

is not distinguishable in the Aldinga fossil.

3. MEMBEAiN^rPOEA APEETA, Busk. (PL YII. fig. 3.)

Memhranij)ora aperta, Busk, Crag Polyzoa, p. 33, pi. iii. fig. 13.

A specimen from Aldinga has the zoarium conical, resembling

Lunulites. The opesial opening is about 0'4 millim. long and
0*25 millim. broad, and the avicularia are about the same size.

The avicnlarium has three openings, the upper one large, trian-

gular ; below this a slit-like opening, and still lower down a semi-

lunate opening ; when these last two are broken down, they form
a single opening, as figured by Busk. There is one distal rosette

plate which is semilunate.

This is not the Memhranipora aperta of Manzoni (Bri. di Cas-

trocaro, p. 9, pi. i. fig. 4).

Log. Coralline Crag.

4. Membeaklpoea ciectjlaeis, d'Orb.

Flustrina circularis, d'Orb. Pal. Franc, p. 305, pi. 602. figs. 11-13,

? Memhranipora tuherculata, Busk, Crag Polyzoa, p. 30, pi. ii.

%. 1.

In a specimen from the Eiver-Murray Cliffs the zoarium consists

of many layers, forming an irregular subglobular mass, but perhaps

the colony commenced on a Cellepora. The opesia are variable, in

some cases being quite round, in others subtriangular, with the lower

edge straight and rounded, and contracted towards the top ; in other

cases the opening is more oval. Opesia of average ceU 0-20-0"25

millim. long. There are two small avicularia above each opesial

opening ; but as the zooecia are arranged in quincunx, this makes

them appear as if surrounded by six avicularia.

The structure of Flustrina haculina, d'Orb., and F. pentagona is

similar.

Log. Souge, pres de Yendome (Loir et Cher), Cretaceous ; River-

Murray Cliffs.

5. M^MBEANiPOEA Savaeto, Aud.

Memhranipora ligerensis^ d'Orb. loc. cit. p. 550, pi. 607. figs.

5,6.
Flustrellaria tuhulosa, d'Orb. loc. cit. p. 532, pi. 727. figs. 9, 10.

Memhranipora suhtilimargo, Reuss, Bry. (Est. Ung. Mioc. p. 179

(39), pi. ix. fig. 3.

Memhranipora Lacroixii, Reuss, loc. cit. p. 40, pi. ix. fig. 8.

? Memhranipora reticulum, Reuss, Foss. Polyp, d. Wien. Tert.

p. 98, pL xi. figi 25.
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Vaginopora teocturata, Eeuss, loc. cit. p. 73, pi. ix. fig. 1.

Memhrani]Jora Savartii^ Busk, Crag Polyzoa, p. 31, tav. ii. fig. 6.

Biflustra JSavartii, Manzoni, Bri. di Castrocaro, p. 38, pi. ii.

figs. 17, 17a ; Smitt. Ploridan Biy. p. 20, tay. iv. figs. 92-95 ; Busk,

Kep. of ' Challenger ' Polyzoa, p. 67, pi. xiv. fig. 2.

Biflustra delicatula, Busk, Crag Polyzoa, p. 72, pi. i. figs. 2 & 4,

pi. ii. fig. 7 ; Manzoni, Bry. foss. Ital. Contr. II. p. 4, pi. i. fig. 5 ;

MacGillivray, Zool. of Yict. decade vi. p. 28, pi. 57. fig. 2.

For further synonymy, see Smitt's ' Ploridan Bryozoa,' to which
list probably several fossil Memhraniporce should be added.

I have some rather large pieces of bilaminate Biflustra delicatida

from the Crag of Leiston, in which I am unable to find any denticle

within the lower margin, and Professor MacGiUivray draws atten-

tion to the fact that it exists only in two or three of the cells of the

Queenscliff' specimen, and is altogether absent in those from Queens-
land. In the Italian Pliocene fossil species I do not find it, nor
does it seem to occur in the Australian or IN'ew Zealand fossils that

I have examined ; on the other hand, in a recent specimen, in the

Yincularia-form, from Palm Island, it is seen in all the zocecia.

Smitt has called attention to the inconstancy of the tubercles in this

species ; and in a recent specimen from Penang, some zocecia have
tubercles while others are without. The recent specimen from
Penang has the opesia about 0*3 millim. long and 0*24 millim.

wide, which is slightly smaller than in the fossil adnata upon aEete-

pora either from Aldinga, or the Eiver-Murray Cliff. Biflustra

regularis, d'Orb., from Eoyan, is very closely allied, with rather

larger opesial openings.

Loc. Senonian of Prance, Miocene of Austria. Crag and Pliocene

of England, Italy, and Sicily. Living : Plorida, 29 fathoms ; Queens-
cliff (Victoria) ; Port Curtis (Queensland) ; Philippine Islands, 10
fathoms ; Penang, &c.

6. Membranipora radicieera, Hincks; Waters, Quart. Journ. Geol.

Soc. vol. xxxviii. p. 2Q2.

In a specimen from the Eiver-Murray Cliffs there are small open
spaces between the zocecia.

7. Membranipora RHTiNCHOTA, Busk. (PL YII. fig. 1.)

Memhranipora rTiynchota, Busk, Crag Polyzoa, p. 33, pi. iii.

fig. 7.

A specimen from Aldinga is in the Eschara-form. The zooecia

have large opesial openings. 0*3 millim. long and 0*2 millim. wide.

Below the opesia there is a large avicularium, with its opening much
prolonged, and with the end very narrow for the acute mandible.

The oviceU, with a keel down the centre and slightly depressed at

each side, is surmounted by an avicularium.

There has been much confusion with this species, as by an over-

sight Mr. Busk gave a description of M. minacc as M. rhynchota
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(Q. J. ITic. Soc. viii. p. 125), and the fossil from Bruccoli, which I
called Biflastra rliynchota, should be renamed.

Loc. Crag.

8. ^lTembeaxipoea tempoeaeia, sp. nov. (PL YII. fig. 16.)

Although this Memhranipora comes very near to several species, I

have been unable to identify it with any. The zooecia are very
large, with a large opesia, about 0'6 millim. long, whereas in few
species is it more than 0*3-0-4 millim. Above each zooscium

there are two avicularia with oval openings directed outwards.

The ovicell is small, short, and but little raised. The species in

most particulars corresponds with M. para, Hincks, but that has

spines in place of the avicularia.

Loc. E,iver-Murray Cliffs.

9. Membea2s^ipoea (Amphtblestetdj:) FLEMiifGn, Busk.

Membranipora Flemingii, Busk, Cat. B. M. ii. p. 58, pi. Ixxxiv.

figs. 3-5 (only) ; Hincks, Brit. 3Iar. Polyzoa, p. 162, pi. xxi. fig. 1-3.

A specimen from Aldinga is growing upon a Retepora. There
has been considerable confusion with the species, as it was at first

made to include forms which have since been separated, but the

fossil is undoubtedlj" Membranipora Flemingii^ as defined by Mr.
Hincks. It has the six oral spines, an ovicell similar to recent

specimens, and sometimes two avicularia below the area, but more
frequently there is only one, and this often at the end of a long

tubular projection. In some cases this chimney-like avicularium is

nearly as long as a zooecium. In no recent specimen has the avicu-

larium been found as much elevated, though it is always raised.

MacGiUivray refers (Trans. Koy. Soc. Vict. vol. xviii. p. 120) with

doubt to specimens " seemingly referable to " M. Flemingii^ from

Port PhiUip Heads, Victoria.

Loc. Eecent ; European Seas, widely distributed.

10. Memeeaxipoea (Amphiblesteum) CTLrsDEiEOEMis, Waters,

Quart. Joum. Geol. Soc. vol. xxxvii. p. 323, pi. xvii. fig. 74, and
vol. xxxviii. p. 263, pi. viii. fig. 13.

11. MEiiBEAxiPOEA (Amphiblesteum) paevicella, T.-Woods. (PI.

VII. fig. 5.)

Selenaria parvicella, T.-Woods, Trans. Phil. Soc. Adelaide, 1880,

p. 10, pi. ii. fig. 10 : Waters, Quart. Journ. Geol. Soc. vol. xxxix.

p. 441.

Some fragments from the Eiver-Murray Clifls are better preserved

than those from Muddy Creek and Bird Eock : and here we see

there was a spine, or j)roce3s, over the elongate " avicular (?) cells,"

and a broad denticle within the lower margin of the zooecial cells. The
dorsal surface is granulated, with a few large pores, and is divided by
parallel lines, which apparently radiate from the centre of the

colony ; cross-lines, which are very indistinct, divide the dorsal

surface into zooScial areas. The lateral rosette-plates form a regular
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line along the middle of the lateral walls, and correspond with those

of Bifiustra delicatula, Busk, with which perhaps this species should

he united.

Mr. Woods's description and figures are from the fossil upside

down.

12. Membranipoea (Amphiblestefm) Michatjdtana, d'Orb.

Gellepora Michaudiana, d'Orb. Pal. Prang, p. 404, pi. 604. tigs. 7,

8, pi. 712. figs. 3, 4.

Memhrmiiporapermunita, Hineks, Ann. & Mag. Nat. Hist. ser. 5,

vol. vii. p. 151, pi. X. fig. 2 ; MacGillivray, Trans. Eoy. Soc. Yict.

vol. xviii. p. 118.

Memhranipora falcata, MacGillivray, Trans. Roy. Soc. Yict. vol.

ix. p. 132.

The fossil differs from a recent specimen dredged off the coast of

Yictoria in having the zooecia and also the opesia a trifle smaller.

The avicularium of this fossil and of the one figured by d'Orbigny is a

little smaller than that in the recent specimens, in which it occurs

at the base of an abortive zooecium ; at least, this is my interpre-

tation of a very curious structure, but this does not seem to be Mr.
Hincks's view, and it is well worth further examination. In the

fossils the ovicells are simply rounded, without a raised rib ; and
this is the case in some of the ovicells of my recent specimens, while

others have it.

Perhaps the recent forms should rank as M. Michaudiana^ var.

permunita, on account of the small zooecia to which the avicularia

are attached.

Log. Eossil : Cretaceous ; Le Mans, Le Havre, Tourtenay ; Al-

dinga (growing on Microporella elevata). Living : off" Curtis Island,

Bass's Straits ; off Yictoria (on Adeona), Schnapper Point {MacG.).

13. Membeanipoea (Amphiblestetjm) teifoliiim:. Busk, var. peo-

PINQTTA.

Leprcdia trifolium, MacG. Trans. Eoy. Soc. Yict. 1868, p. 9;
Prod, of Zool. of Yict. decade iv. p. 28, pi. xxxvii. fig. 2.

. The fossil from Aldinga has the zooecial avicularia and globular

ovicells described by MacGillivray. The aperture (opesia) is about

the same size as that of a Crag specimen of Memhranipora trifolium,

Busk, in ray possession, but it differs in having a zooecial avicu-

larium (onychocellarium) and no other avicularia. The zooecia, in

shape, are very similar to those of recent Selenaria macidata^ Busk.

In the Eeport on the ' Challenger ' Polyzoa, Mr. Busk figures as

AmpTiihlestrum umhonatum (pi. xv. fig. 66) a species or variety

with avicularia, which is closely allied to this.

It is strange that two forms so closely allied as Memhranipora
trifolium, Busk, and Lepralia trifolium, MacGiUivray, should have
received the same specific name when placed under different genera.

The genus Amphihlestrum may be a convenience, but, as at pre-

sent defined, it cannot be looked upon as sharply separated, and



290 A. W. TTATEES OX CHILDS'lOilATOTrS BRYOZOA FEOiE

with a large nnmber of species it would be extremely difficult to

say whether they should be placed iu Memhninipora or Amphi-
hlestrum. We see in A. pajjiTlatum^ Busk, that it really has a thick

border extending inwards, and not a plate, as in Membranipora
Rosselii. As the genus Memhranipora is so large, and contains

such a variety of forms, it is to be hoped that other characters may
be found to separate this genus more definitely.

Loc. Liying: Queenscliff, Williamstown, and "Western Port

{MacG.). Possil : Aldinga and Eiver-^Iurray Cliffs,

14. MiCEOPOEA (?) PATTJLA, Waters. (PI. YII. fig. 4.)

Micropora patula, Waters, Quart. Journ. Geol. Soc. vol. xxxvii.

p. 326.

Steganoptorellapatula^'Wa.ters, Quart. Journ. Greol. Soc. vol. xxxviii.

p. 265, pi. ix. fig. 31.

A specimen from the Eiver-Murray Cliffs, in the Lepralia-stage,

is much better preserved than the one from Curdles Creek or Mt.
Gambler, and has below many zooecia a zooecial (?) avicularium,

surrounded by an almost circular border, within which is the man-
dibular area, also surrounded by a granulated border, which is at

the lower end narrow, but at the distal end becomes very broad.

The avicularian opening is small and slit-like. Above the oral

aperture there is a small ovicellular opening. The ovicell is scarcely

at all raised, and would certainly be overlooked if it were not for

this small opening; but in some cases the front wall is broken

away, and then the ovicell-chamber is distinctly seen. At each

side of the ovicellular aperture there is a depression or opening.

A similar supraoral opening has been figured in Membranipora
semiaperta, Eeuss, EscharineTla muraJis, Gabb & Horn, JReptofius-

trina JieterojDora, G. & H., and Cellepora Mohli, Hagenow.
Loc. Curdles Creek, Mt. Gambler, Eiver-Murray Cliffs.

15. MiCEOPOEA PEEFOEATA, MacG.

Memhranipora perforata, MacGillivray, Trans. Phil. Instit. Yiet,

1859 ; iSTat. Hist, of Yict. decade iii. p. 29, pi. xxv. fig. 2.

When speaking of var. clausa, Waters (Quart. Journ. Geol. Soc.

vol. xxxviii. p. 505), I pointed out that Monoporella Zepi(^«, Hincks,

was allied to M. perforata, MacG., but they must be separated, either

as varieties or species, on account of the much more fully developed

avicularium of M. lepida, though the position and direction of the

avicularium is similar. From jN^apier, IS'ew Zealand, there are spe-

cimens of M. perforata without avicularia, and others in which the

small avicularium described by MacGillivray is pretty constant. In

many zooecia in these Napier fossils there are several pores, as in

recent M. lepicla, from IN'ew Zealand ; whereas in the Aldinga fossils

it is rare to find more than the two below the aperture. The zocecia

of the Australian fossils are very regular ; but those from !N"apier

show great variation in this respect, and therefore it is very pro-

bable that Steganoporella eJongata, Hincks, is only a synonym.
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Aperture about 0*1 millim. wide, which is slightly smaller than that

of M. lepida.

Log. Living : Queenseliff &c., Australia. Possil : Aldinga, Mt.

Gambler (Australia); jSTapier, and Tanners Eun (iS'ew Zealand).

16. MONOPORELLA CRASSATINA, WatcrS.

Monoporella crassatina^ Waters, Quart. Journ. Geol. Soc. vol.

xxxviii. p. 270, pi. vii. fig. 8 ; ibid. vol. xxxix. p. 435.

Lepralia japonica^ Busk, ' Challenger ' Report on the Polyzoa,

Cheil. p. 143, pi. xvii. fig. 5.

Loc. Living : Cobie, Japan 8-10 fathoms (Busk). New Zealand

(from Miss Jelly). Possil : jSTapier and "Waipukerau (jN^ew Zealand)

;

Mt. Gambler, Waurn Ponds, Aldinga, River-Murray Cliffs (Australia).

17. Monoporella sexangularis, Goldf. (PL YII. fig. 2.)

Eschara sexangularis^ Goldf. ; Hagenow. Maast. Kreide, p. 81,

pi. X. figs. 3, 4, 5.

Eschara ClarJcei, T.-Woods, Trans. Eoy. Soc. N. S. Wales, 1876,

p. 2, figs, iv.-vii.

? Eschara piriformis, Stmt, ^ Two Exped. Interior S. Austr.' 1833,
ii. p. 253, pi. 3. fig. 2.

Vincidaria maorica, Stoliczka, Bry. Orak. p. 153, pi. xx. fig. 8.

Monoporella sexangularis, Waters, Quart. Journ. Geol. Soc. vol.

xxxix. p. 435.

Bijiustra excavata, Manzoni, Bri. foss. del Mioc. d'Aust. ed

Ung. p. 67 (19), pi. xiii. fig. 14.

There are two specimens from Aldinga, both fenestrate. In the

one the fenestrse are about 4 millim. long, in the other they are

7-8 millim., and in the first there are zocecial avicularia (onycho-

cellaria), of the same shape as those figured by Hagenow, bub without

the great elongation. The avicularian opening is elongate in the

centre of the avicularium. In my former paper I pointed out that,

although identifying it with Hagenow's species, I had not found any
avicularia in either; and it is interesting to find that this character

now justifies the determination. The oral aperture (0*22 millim.)

is rather smaller than in the specimens from Muddy Creek &c.

;

and in the zooecia surrounding the fenestras, there is not any oral

opening, but an elongate slit, much like the avicularian opening.

Beissel describes and figures sach border cells in his Escharapulchra,

and blind cells are found in Acleona and other Chilostomata. There

'is also a non-reticulated specimen from the Eiver-Miu"ray Cliffs, which
Prof. Tate marked Eschara piriformis, Sturt ; but the E. piriformis,

Goldf., of the Maestricht beds has much larger zooecia, with very

large opesial opening (0-6 millim.) nearly as wide as the zooecium.

Some are flat bilaminate expansions, one is flattened and folia-

ceous, while others are subcylindrical, and this Yincularia-form no
doubt represents the Vincularia maorica of Stoliczka ; and now that

I have seen these, I consider that the fossil from Curdles Creek might
be called var. minima or var. tuberculata.
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Loc. Orakei Bay, Xew Zealand (in Yineularia-form) ; Muddy
Creek, Bird Eock, Waum Ponds, Murray Cliffs, Aldinga (reticulated

and also a compressed branch).

18. STEGA]sropoEELLA magn^habeis, Busk; Waters, Quart. Joum.
Geol. Soc. vol. xxxviii. p. 506.

Prom the Eiver-Murray Cliffs there are specimens in the Escharan
and Hemescharan forms.

In S. magnilahns the cells where division is about to take place

are larger than the others, so that the large characteristic cells of

SteganojDorella are found to be followed by two smaller ones, each

of which commences a new row. The same thing is seen in

Biflustra delicatula from the Crag, and in other species.

With a cylindrical mode of growth, as in >S^. neozelanica, there is no
frequent multiplication of the rows, and no large cells are found.

Mr. Busk, however ('Challenger' Eeport, p. 76), points out that

the operculum of S. neozelanica differs from that of S. magnilahris,

which is the case, as the former has numerous irregular bars across

the operculum, and four large teeth instead of the numerous small

ones ; and therefore I agree with him that they must be separated.

Loc. Living : see loc. cit. p. 506, and Honoruru, Sandwich Islands

(20-40 fathm.) (Busk). Fossil : Miocene ; Castelgomberto ? Mouille

Mougnon (Cant. Yaud) ; Curdles Creek, Mt. Gambler, Bairnsdale,

Batesford, Eiver-Murray Cliffs (Australia) ; Waipukerau and Petani

(New Zealand).

19. Stegatsopoeella Eozieei, Aud., var. ixdica, Hincks.

Steganoporella Eozieri, Hincks, Ann. & Mag. K'at. Hist. ser. 5,

vol. vi. 1880, p. 379, pi. xvi. figs. 1, 1 a.

For other synonyms see Waters, Quart. Journ. Geol, Soc. vol.

xxxviii. p. 505.

In the specimens from the Eiver-Murray Cliffs, the zoarium is in

the Yincularia-form, with about eight series of zooecia round the

axis. There is a large opening replacing a zooecium, which is appa-

rently the aperture of a large elongate avicularium ; but from the

state of preservation I do not feel sure about this interpretation,

and possibly we have here only a broken-down zooecium. There

are no other avicularia.

Loc. Living: India, Marion Islands, Holborn Islands, Darnley

Islands, Torres Straits. Miocene : Sollingen. Bairnsdale, Eiver-

Murray Cliffs.

20. CEiBEiirN-A EADiATA, Moll. (non d'Orb.).

For synonyms see Hincks, Brit. Mar. Polyzoa, p. 185, and Waters,

Quart. Journ. Geol. Soc. vol. xxxviii. p. 265.

The specimen from the Eiver-Murray Cliffs has eight ridges on

each side, a suboral pore, avicularia with a wide base but elongate,

scattered among the zooecia, ovicell globose, about two thirds as wide

as the zooecia ; oral aperture 0*09 mm. wide.
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Loc, Living: European seas, Madeira, Florida, Bass's Straits.

Fossil : European Eocene, Miocene, Pliocene, and Postpliocene, and
Mt. Gambler.

21. Cribrilijsta figularis, Johnst.

Lepraliajigularis, Johnston, Brit. Zooph. ed. 2, p. 314, pi. Ivi. fig. 2.

Cribrilina Jic/idaris, Hincks, Brit. Mar. Polyzoa, p. 196, pi. xxvi.

figs. 5-7.

Cribrilina philomela, Busk, var. adnata^ Busk, ' Challenger ' Ee
port on the Polyzoa, pt. xxx. p. 132, pi. xxii. fig. 7.

A specimen from the Eiver-Murray Cliffs has characteristic zo-

oecial avicularia (onychocellaria), which correspond most nearly with

those figured for C. Jigidaris, var. Jlssa, Hincks (loc. cit. fig. 8).

This, like var. adnata, has numerous costse (nine on each side) ; more
of the front is covered with costEe than in Mr. Hincks's figures, but

not quite as much as in Mr. Busk's. Oral aperture 0-13 mm., which
is about the same as in the Australian species.

Loc. Living : British, French, and Mediterranean seas ; Capri, 40
fathoms ; off Marion Islands, 50-75 fath. ; Heard Islands, 75 fath.

Fossil : River-Murray Cliffs, Crag (Bell).

22. Cribrilina TEEMiNATA, Waters.

OribrUina terminata, Waters, Quart. Journ. Geol. Soc. vol. xxxvii.

p. 326, pi. xvii. fig. 68, vol. xxxviii. p. 507, pi. xxii. fig. 6, and
vol. xxxix. p. 436, pi. xii. fig. 17.

A specimen from the Eiver-Murray Cliffs has two or three minute
avicularia above the oral aperture, and the zooecial avicularia are

narrower than the one figured from Muddy Creek (I. c. vol. xxxix.

pi. xii. fig. 17).

Loc. Fossil : S.W. Victoria, Bairnsdale, Muddy Creek, and the

Eiver-Murray Cliffs.

23. MucRONELLA MUCRONATA, Smitt; Wators, Quart. Journ, Geol. Soc.

vol. xxxvii. p. 328, pi. xvii. fig. 66, vol. xxxviii. pp. 266 & 507,

and vol. xxxix. p. 436.

The mucro supports an avicularium directed forwards. It occurs

in Eschara- and Hemeschara-form.

24. MucRONELLA NiTiDA, Yerrill,

Discopora nitida, Yerrill, Amer. Journ. Science, vol. ix. p. 415,

pi. vii. fig. 3 (1875).

Muci'onella nitida, Verrill, Proc. U. S. I^at. Mus. p. 195 ; Waters,

Quart. Journ. Geol. Soc. vol. xxxviii. p. 507.

Smittia nitida, Hincks, Ann. & Mag. Nat. Hist. s. 5, vol. vii.

p. 159, pi. ix. figs. 5, 5 a.

Lepralia reticulata, var. incequalis, Waters, Ann. & Mag. Nat.

Hist. ser. 5, vol. iii. p. 41, pi. ix. fig. 3.

Smittia trispinosa, Johnst., var. ligulata, Eidley, Proc. Zool. Soc.

London, 1881, p. 53,' pi. vi. fig. 9.

The Murray-Cliff fossil incrusts a Cellepora. It shows consider-

able variation in the size of the avicularia ; sometimes they are ligu-

Q. J. G. S. No. 163. Y
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late ; on other zooecia they expand considerably towards the extremity.

TVith a form like the present it is difficult to know whether it should

be called Smittia or Mucronella, and the two genera are not sharply

defined.

Mucronella delimtula, 'Busk^Cha.U.. Eep. p.l56, is, no doubt, closely

related ; but the triangular mandible shows that the two forms are

not absolutely identical. I have a specimen dredged from the coast

of Victoria which has a narrow ligulate avicularium,butl do not think

that it ought to be separated from those with a larger avicularium,

as the shape is approximately the same. Mr. Busk calls attention

to the central denticle being in front of the operculum, as if it were
exceptional ; but this is the rule in this family.

Loc. Living: A^ineyard Sound and Long Island Sound {V.)

;

Africa (H.) ; Yictoria Bank, S.E. Brazil (S'2 fath.) ; Yictoria (on

Adeona) ; Xaples ( W.). Fossil : Crag ( W.), Bairnsdale and Eiver-

Murray Cliffs. This or a variety fossil from Waipukerau and Napier

(Xew Zealand).

2^. MucEONELLA cocciNEA, Abildgard, Tar. 1IA3IILLATA, Busk.

A specimen from Aldinga incrusted a Cerithium or allied shell.

The surface is smooth or faintly sulcate, with a single or double row
of pores round the base. The ovieell is very small and decumbent.

The fossil is so badly preserved that it was not readily recognized.

Loc. Living : coast of Antrim. Fossil : Crag, Aldinga.

26. MircEOJfELLA cocciNEA, Abildgard, var. EEsuprsfATA, JVTanz.

Mucronella coccinea. Waters, Quart. Journ. Geol. Soc. vol. xxxviii.

p. 266.

In well-preserved avicularia it is clear that the mandible was
spatulate, but the avicularian opening triangular.

Loc. Aldinga ; Mt. Gambler.

27. MicEOPOEELLA GEisEA, Lamx., form Adeoxa.

Adeona grisea, Lamouroux, Expos. Meth. p. 40, pi. Ixx. fig. 5 ;

Kirchenpauer, "Ueber die Bry. Gatt. Adeona/^ Journ. 3Ius. Godeffroy,

1879, p. 9, pi. i. fig. 8, 8a.

Dictyojpora grisea, MacGillivray, Xat. Hist, of Yict. decade vii.

p. 23, pi. Q6. fig. 1, 1«, h, c, d.

Dictyopora celhdosa, MacGillivray,Trans. Boy. Soc. Yict. 1868; Nat.

Hist. Yict. decade v. p. 37, pi. xlvii. fig. 1, and decade vii. pi. Ixvi.

fig. le.

Adeona celhdosa, Kirchenpauer, op. cit. p. 10.

Microijorella cdlidosa, form Adeona, Waters, Quart. Journ. Geol.

Soc. vol. xxxix. p. 437.

From Muddy Creek there is a fragment spreading out in flabelli-

form manner from the base, to which probably a flexible stem was
attached.

From the range of zooecial variability found in specimens that I

have examined, and from the published descriptions, there does not

seem to be sufficient reason for separating J/, grisea from M. celhdosa.
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Log. Living : various Australian localities. Fossil : Muddy
Creek.

28. MicROPORELLA coscixopoRA, Rcuss, var. MucROJfATA, MacGr.

Lepralia mucronata, MacGillivray, Tr. E.oy. Soc. Yict. 1868.

Eschara mucronata, MacG., Nat. Hist. Vict. dec. v. p. 43, pi. xlviii.

figs. 6, 7.

Microporella co5ciuopora,Reuss,var. armata, Waters, Quart. Journ.

Geol. Soc. vol. xxxvii. p. 331, pi. xv. fig. 25.

Loc. Living : QueenselifF and Schnapper Point (MacG.), Port-

Philip Heads (A. W. W.). Fossil : Curdles Creek, Muddy Creek,

Ptiver-Murray Cliffs.

29. Microporella yiolacea, Johnst., var. fissa, H.

Microporella Jlssa, Hincks, Ann. & Mag. iS^at, Hist. ser. 5, vol. vi.

p. 381, pi. xvii. fig. 4.

30. Microporella symmetrica, Waters, Quart. Journ. Geol. Soc,

vol. xxxvii. p. 332^ pi. xviii. fig. 83.

31. Microporella ferrea, Waters, loc. cit. p. 330, pi. xvii. fig. 72.

32. Microporella pocillieormis, sp. nov. (PI. Yll. fig. 8.)

Zoarium dome-shaped, 7 mm. diameter, in growth resembling

Cupularia. Zooecia suboval, convex, surface covered with large

pores, with a raised suboral pore just below the oral aperture.

Oral aperture rounded at the distal end, straight below, 0-24 mm.
broad. There are two distal rosette-plates, each of which usually

has two openings. On the under surface of the colony the area of

each zooecium is distinctly marked and is convex.

Loc^ Eiver-Murray Cliffs.

33. Microporella ma&na, T.-Woods. (PI. YII. fig. 7.)

Lunulites magna, T.-Woods, Trans. Phil. Soc. Adelaide, 1880, p. 7,

pL i. fig. 6a-Qd.

Zoarium large (25 mm. diam.), dome-shaped, consisting, in the

specimen examined, of one layer of zooecia, slightly elevated along

eight lines radiating from the centre ; Mr. Woods says, " In the

younger specimens .... irregularly pentagonal; in the older

specimens .... irregularly lobed or sinuated."

On each side of these lines the direction of the avicularia is

opposed, being directed diagonally upwards to the right on one side

and diagonally upwards to the left on the other side.

Zooecia raised, especially near the aperture, with large pores over

the surface and a large suboral pore below the aperture. Oral

aperture large (0*23 mm. wide), straight on the proximal edge with
the corners rounded ; the distal edge of the aperture forms half a

circle. The true shape of the aperture is sometimes obscured in

the older cells. Avicularia large, broad ; aperture pointed above,

rounded below, I have not had the opportunity of examining the

y2
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under surface of the zoarium ; but Mr. Woods says, " Under surface

finely radiately ridged, with a narrow slit-like pore at the margin."

Log. Mr. T.-Woods gives Aldinga and Mt. Gambier.

34. MicsopoEELLA (Dipoetjla) ma&nteosteis, MacG.

Microporella introversa.'W SiteTs, Quart. Journ.Geol. Soe.vol.xxxviii.

p. 268, pi. ix. figs. 33, 34.

Lepralia magnirostris, MacGillivray, " New or Little-known

Polyzoa," pt. 2, Trans. Eoy. Soc. of Victoria, vol. xix. p. 134, fig. 6.

Specimens from tbe Eiver-Murray Cliff's grow either in the Hem-
escharan form when the dorsal surface is coarsely granulated and
has large pores, or in superposed layers with zooecia of the same size

as those from Mt. Gambier, but in a better state of preservation; and
here the central pore is very distinct and raised, but with a cleft in

the upper (distal) part of the raised tube surrounding the pore.

This better-preserved material shows that I was misled in supposing

that the avicularia were directed inwards ; I then attributed the

avicularia to the wrong zooecia.

Loc. Fossil : Mt. Gambier ; Kiver-Murray Cliff's. Living : Port-

Philip Heads.

[Since this paper was read, Miss Jelly has sent me a recent specimen

from Port-Philip Heads (Australia). This is in tbe Hemeschara-
form, but the dorsal surface was perhaps attached to a sponge, as it

is studded with large erect pore-tubes resembling those on the dorsal

surface of Selenaria macidata, and besides these there are calcareous

off'sets, which are traversed by numerous tubes, and appear to have a

sponge-like structure. I hope to make a further examination and
sections of these interesting radicles.]

This and the last species are very closely allied and should per-

haps be united under one name. In both the recent specimen and
the one from the Eiver-Murray Cliff's the peristome is more raised

than in the one I figured.

35. MicEOPOEELLA ELEVATA, T.-Woods. (PL YII. figs. 6 and 9.)

Eschara elevata,T.-'Woods, Trans. E. Soc.N.S.W. 1876, p. 2, fig. 10.

Microporella elevata, Waters, Quart. Journ. Geol. Soc. vol. xxxvii.

p. 330, pi. xvii. figs. 63, 64, pi. xviii. fig. 90.

When describing the fossil from Curdles Creek I pointed out the

great difference in zooecia from different parts of the same colony,

and some weU-preserved specimens from the Eiver-Murray Cliffs,

showing in places the structure given in fig. 63 (loc. cit.), have in

other parts a much more regular and elaborate structure. The peristo-

mial region is raised and surrounded by a ridge, with small pores

within the area thus formed ; down the middle of each zooecium

there is a straight ridge which expands at the lower part of the

zooecium, surrounding the median pore. On each side of this line

there are large irregular openings.

There are very curious zocecial avicularia occurring only near the

border of the colony with a nearly round aperture divided by a cross

bar near the lower edge.
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Loc. Curdies Creek ; Mt. Gambler ; Bairnsdale ; Muddy Creek

;

Spring Creek ; River-Murray Cliffs.

36. PORINA CORONATA, Eeiiss.

For synonyms, see Waters, Quart. Journ. Geol. Soc. vol. xxxviii.

p. 333, to which add :

—

Escliara gracilis, MacGillivray, Nat. Hist, of Yict. decade v. p. 40,

pi. xlviii. fig. 3 ; Busk, ' Challenger ' Report, Zool. pt. xxx. p. 141,

pi. xxi. fig. 6.

Porina gracilis, Hincks, Ann. & Mag. Nat. Hist. 1881, p. 60,

pi. iii. fig. 5.

Haswellia australiensis, Busk, loc.cit. p. 172, pi. xxiv. fig. 9.

Before describing Porina coronata from Curdies Creek (Quart.

Journ. Geol. Soc. vol. xxxvii. p. 333. I had received from Mr.
Haswell specimens of his Myriozoum {Haswellia) australiense^ in

which the peristome is tubular, often entirely surrounded by openings

which are either simple pores or have avicularian covers. There is

great irregularity in these peristomial pores or avicularia, so that

very frequently there is only an avicularium below the aperture ; in

other parts in the same colony there may be two or three at the

side ; in others they regularly surround the aperture. Sometimes
the peristome is flattened on the distal edge. The central pore

(median pore) is usually only a rounded aperture ; at other times in

the same colony from Holborn Island (collected by Mr. Haswell) it

has a tubular projection ; to show an extreme case, I figured from
Curdies Creek a very delicate specimen with very marked tubular

pores ; and upon reexamination, I find that from such a specimen to

the large flat growth there is no break in the series, so that I feel

quite convinced that the determinations then made were correct.

The opercula of the specimen sent as M. australiense are slightly

smaller than those from typical K gracilis, but the shape is the

same, and so is the attachment of the muscles. As the ridge for the

muscular attachment is characteristic, and diff'ers from any other

with which I am acquainted, this species may be made a test case,

showing that the modern classification is an advance upon that which
laid the greatest stress on the mode of growth. In both fossil and
recent specimens the pore is sometimes elongate, sometimes round.

The fossils from the River-Murray Clifis, Aldinga, and Adelaide

are all either in the form b, as vertebralis (see Bry. from S.W.

Victoria, p. 334), or are a little fiattened.

37. Lepralia edax. Busk.

Cellepora eclaoc, Busk, Crag Polyzoa, p. 59, pi. ix. fig. 6, pi. xxii.

fig. 3.

Le'pralia edax, Hincks, Brit. Mar. Polyzoa, p. 311, pi. xxiv. fig. 7,

7a, 8; Smitt, Floridan Bryozoa, pt. ii. p. 63, pi. xi. figs. 220-223;
Waters, Quart. Journ. Geol. Soc. vol. xxxviii. p. 270.

Gumulipora angulata, Reuss, Septarienthon, p. 63, pi. viii. fig. 12.

Zoarium dome-shaped, about 30 millim. diameter, composed ofmany
layers of zooecia. The under surfac^e is cupulate, and the zooecia
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here radiate in uniserial rows from the centre, with the greatest

regularity, whereas on the upper sul'ace numerous colonies are seen

to start from various points of the surface. The under surface is

divided bj radiating and bifurcating sulci, and the part between
these is raised, and along the ridges there are elevations looking

like points of attachment. In this respect the dorsal surface

resembles that of Selenaria maculata. Zooecia very little raised,

irregularly hexagonal, separated by distinct raised borders with large

pores round the edge of the zooecium ; small avicularia below the

aperture, with the opening rounded or slightly acute, directed down-
wards. Oral aperture with the proximal edge nearly straight, the

distal edge rounded, formed of more than half a circle, with two
contractions inside the aperture near the middle ; at widest part

about 0'12 mm. wide. Ovicell raised, globular.

I have already pointed out that the aperture in recent specimens

is larger than in that from the Crag, and both the specimen from Mt.
Gambier and this one from ^Murray Cliff correspond in this respect

with those from Florida. In the Australian fossils no zooecial

avicularia (onychocellaria) have been found. Some ovicells show
an indistinct area on the front ; but this is not distinguishable on all,

and the ovicell is more globular than figured by Mr. Hincks.

Mr. Busk* refers to finding " the backs of the polyzoan cells usually

disposed in parallel rows, much as they are on the concave surface

of some Lunulites," and Smitt seems to have noticed the same thing;

it is therefore interesting to find it now in a true Lunidites-form.

38. Lepralia depressa. Busk, var.

Leprcdia depressa^ Busk, var.—Waters, Quart. Journ. Geol. Soe.

vol. xxxviii. p. 509.

In a specimen of this variety from Aldinga there are small, globular,

raised, granulated ovicells.

39. Lepralia rostri&era, Smitt.

EscJiarella rostrigera, Smitt, Ploridan Bryozoa, p. 57, pi. x.

figs. 203-205.

A specimen from the River-Murray Cliffs is growing in the

Lepralia-stage. The hexagonal zooecia are very little raised and

the surface is covered with large pores. The aperture is nearly

round, with two lateral contractions ; width 0*14 millim. There is

usually a smaU avicularium pointed upwards on one side of the

aperture, but seldom on both sides.

Loc. Florida, 35-43 fathoms.

40. Lepralia escharella, Eomer (in Yincularia-form).

Vincidaria escharella, F. A. Eomer, " Die Polyparien des Nord-

deutschen Tert. Geb." Paleontographica, vol. ix. p. 6, pi. i. fig. 1.

This is evidently allied to L. hurlingtoniensis, but the hexagonal

zooecia are much larger, and the whole surface is covered with large

pores. The oval oral aperture is larger, measuring about 0-3 miUim.

across.

Loc. Oligocene of Lattdorf (Eomer), Aldinga.

* Crag Polyzoa, p. 59.

I
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41. Lepralia burlikgtoxiexsis, Waters, Quart. Journ. Geol. Soc.

vol. xxxviii. p. 270, pi. vii. fig. 6.

42. Lepralia surimmeesa, MacG.

Lepralia suhimmersa, MacGillivray, Nat. Hist, of Victoria, Zool.

decade iv. p. 23, pi. xxxv. fig. 5.

Zoarium in Eschara-form growing as solid lamellate anastomosing

fronds. Zooecia subhexagonal, bounded by prominent slightly

sinuous lines ; surface smooth, with large pores near the border.

Oral aperture round above, concave below, with a small oral avicu-

larium just below the aperture, sometimes in the peristome. The
state of preservation does not allow of satisfactory examination of

the aperture. From one broken-down ovicell it is clear that it was
entirely immersed.

Loc. Living : Warrnambool. Fossil : Aldinga.

43. Lepralia confixtta, sp. nov. (PI. Yll. fig. 10.)

Zoarium in Eschara-form, flat. Zooecia indistinct, surface with

a few large pores amd small round avicularia scattered about ; oral

aperture round above, slightly contracted below, with a tooth on
each side. The aperture (O'lo-0-16 mm. wide) is surrounded by a

round band. The zooecial characters remind us of Myriozoum
truncatum, but the cells and aperture are there larger. It is also

allied to Lepralia crassa, Reuss, and L. varians, Seg. I have some
flat bilaminate fragments of a similar recent Lepralia dredged by
Mr. Brazier from Piper Island (9 fathoms), but the zooecia are much
smaller, with the aperture about 0*12 mm., and the surface is dotted

over with numerous small round avicularia. Possibly they should

be united, although the more robust character of the fossil makes a

considerable difference in the general appearance.

Loc. Aldinga.

44. SmTTiA Tatei, T.-Woods. (PL YII. fig. 15.)

Bschara Tatei, T.-Woods, Trans. Eoy. Soc. K S. W. 1876, p. 3,

fig. XV.

Smittia Tatei, Waters, Quart. Journ. Geol. Soc. vol. xxxvii. p. 337,
pi. xvii. fig. 65, and vol. xxxviii. p. 271, pi. vii. fig. 10, pi. viii.

fig. 21.

Smittia Perrieri, Jullien, Bull, de la Soc. Zool. de France, p. 19,

pi. xvi. fig. 45.

There are small flattened branches from the Murray Cliffs ; and
from Aldinga there is a most interesting colony in which the round
branches anastomose and form a reticulate mass. The diameter of the

branches is about 3 millim. In this specimen there is a peristomial

sinus instead of the suboral pore; but this sinus is frequently almost

closed in above, and no doubt the function is the same in both

cases.

Loc. Living: IST.W. of Spain, 2108 metres (Jullien). Fossil:

Curdles Creek Mt. Gambier, Bairnsdale, Waurn Ponds, Eiver-

Murray Cliffs, Aldinga.
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45. Smittia Lajstdsboeoyii, Jolmst.

LepraliaLandsborovii, Johnst. Brit. Zooph. ed. 2, p. 310,pl.liv.fig. 9.

The aperture of the round suboral avicularium is very small,

appearing as a point or a sublunate opening. The specimen is in

the Lepralia-form.

Loc. Living : British seas, Mediterranean, Florida, Australia (H.),

Grreenland. Fossil : Eiver-Murray Cliffs.

4Q. Smittia eeticflata, MacG. ; Waters, Quart. Joum. Geol. Soc.

vol. xxxviii. p. 272.

47. Smittia seeiata, Eeuss ; "Waters, loc. cit. p. 272, pi. viii. fig. 17.

48. Smittia Milxea^^a, Busk, var. co^qttata, nov.

Mr. Busk described in the Crag Polyzoa a fossil as Leprdlia Ed-
tvardsiana (p. 44, pi. v. fig. 2), but this name he subsequently

changed to L. Mihuana (p. 132). The fossils from Aldinga in

general appearance more resemble Mucronella variolosa., but the

same main characters are found in both. In both the Crag and the

Australian fossils there is a broad oral plate extending nearly across

the aperture, the peristome is thickened and raised, and there is a

small avicularium on one side, which usually forms a peristomial

sinus, but sometimes in the Australian fossils it is raised and forms

a mucro. The avicularia are in both in about the same position,

but in the Aldinga specimens they are not at aU raised, and are

rounded at both ends with a wide mandibular openiug directed in-

wards. In the variety the zooecia are bordered by a thick raised

line, and are surrounded by a row of large pores.

Loc. The type occurs in the Coralline Crag (B.) and in my collec-

tion from Leiston, Suffolk. The variety is represented by two
specimens, one growing on Cellepora trideiiticulata, B., and the other

on 2Ionoporella sexangidaris, Goldf., both from Aldinga.

49. SCHZZOPOEELLA VTJL&AEIS, Moll.

Escliara vulgaris, Moll, Seerinde, p. 61, pi. iii. fig. 10, A, B.

50. SCHIZOPOEELLA SIMPLEX, Johust. Var. AXDIXGE^^SIS.

Lepralia simplex^ Johnston, Brit. Zooph. ed. 2, p. 305, pi. liv. fig. 4.

ScMzoporella simplex, Hincks, Brit. Mar. Polyzoa, p. 246, pi. xxxv.

figs. 9, 10.

A specimen from Aldinga varies from the British species in having

no umbo, but we have in many species seen that the umbo is not a

constant character, and I have therefore thought it advisable to con-

sider it only as a variety. There are no avicularia, and the width of

the aperture is 0*13 milliTn.

Loc. Living : British and Irish. Fossil : Scotch Glacial deposits.

51. SCHIZOPOEELLA PHYMATOPOEA, RCUSS.

Escliara pTiymatopora, Eeuss, Foss. Anth. & Bry. v. Crosaro, p. 272,

pi. xxiiii. fig. 1.

ScMzoporella pJiymatopora, "Waters, Quart. Journ. Geol. Soc.

vol. xxxvii. p. 338, pi. xv. figs. 31, 32, and vol. xxxviii. p. 510.
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Mijriozoum honolulense, Busk, ' Challenger ' Report of Polyzoa,

p. 170, pi. XXV. fig. 2.

Specimens from the Eiver-Murray Cliffs occur as hollow cylinders

of about the same size as those from Bairnsdale. The dorsal surface

is divided into oblong zooecial areas. The rosette-plates are at the

base of the zooecial wall, with, normally, two distal plates.

Loc. Fossil : Bartonian of Val di Lonte & Perrara di Monte Baldo

(Italy) ; Curdles Creeks ; Bairnsdale and River-Murray Cliffs.

Living : Sandwich Islands, 20-40 fathoms.

52. SCHIZOPORELLA STRIATULA, Smitt.

Gemellipora striatida, Smitt, Eloridan Bryozoa, pt. 2, p. 37. pi. xi.

fig. 207.

The surface of the specimen from the Eiver-Murray Cliffs is

smoother than in the Floridan specimens, and the pores are not so

distinct ; but the size is the same, with the oral aperture also 0*06

miUim. wide, and there is the same characteristic prolongation of

the zooecia, with a small round opening at the end.

Loc. Living. Florida, 68 fathoms.

53. SCHIZOPORELLA FEKESTRATA, WatCTS.

ScTiizoporella fenestrata, Waters, Quart. Journ. Geol. Soc. vol.

xxxviii. p. 399.

A fossil from the River-Murray Cliffs has smaller zooecia and a

smaller aperture (0-13 millim.) than the one from Curdles Creek,

and should perhaps be called var. minor. It has the surface

coarsely granular and covered with pores ; the aperture is deeply

sunk, and there is frequently on one side a little below the aperture

an avicularium with a round aperture, which in some cells is re-

placed by a very large raised avicularium covering the whole cell.

The opening of this avicularium is triangular, with a tooth from the

cross bar, and is situated at right angles to the axis of the zoarium.

Loc. Curdles Creek ; River-Murray Cliffs.

54. SCHIZOPORELLA Cecilii, Aud.

Flustra Cecilii, Aud. ; Savigny, Egypte, pi. viii. fig. 3, p. QQ.

55. SCHIZOPORELLA PROTExsA, sp. nov, (PL YII. fig. 14.)

In Lepralia-form growing on Microporella elevata. Zooecia regu-

larly placed, hexagonal, slightly rounded, with a row of large pores

round the edge, andwith subtriangular avicularium directed outwards,

on one or both sides about halfway down the zooecium. Aperture
(0-2 millim. wide) rounded at the distal end, below straight with a

distinct sinus.

Loc. Aldinga.

bQ. Mastigophora Dutertrei, Aud.

Mastigoplwra Butertrei, FQncks, Brit. Mar. Polyzoa, p. 279,
pi. xxxvii. figs. 1, 2.

Specimens from the River-Murray Cliffs and Aldinga are of about
the same size as these figured by Mr. Hincks, but the ovicells are
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rather larger, and these are sometimes pressed in on the front,

giving the appearance of a round depression ; but perfect specimens

seem to be globular. The surface is smooth and the peristome is

but little raised. The oval aperture is about 0*12 millim. with six

margiiial spines. I feel some doubt about this determination, as

the nature of the appendages is not distinguishable, and certainly

many cells had neither vibracula nor avicularia.

Loc. Eiver-Murray Cliffs, Aldinga.

57. Ketepoea maesupiata, Smitt ; Waters, Quart. Joum. Geol. Soc.

vol. xxxvii. p. 342, pi. xv. figs. 34-36, pi. xvii. figs. 59, 61, 76,

77; vol. xxxviii. pp. 275, 511 ; and vol. xxxix. p. 439, pi. xii.

figs. 13 & 21.

An imperfectly preserved specimen from Aldinga was sent over by
Professor Tate marked " R. vibicata, Sturt ;" but it is impossible to

make specific comparison with the fossils found by Sturt, and this

does not seem to be the M. vibicata of Goldfuss. The oviceU has a

double cleft.

58. Ehynchopoea bispinosa, Johnston.

See Hincks, Cat. Mar. Polyzoa, p. 385, pi. xl. figs. 1-5.

A specimen from Eiver-Murray Clifis has a large avicularium

raised as a mucro in front of the aperture, and frequently at the

base of this on one side there is a smaller avicularium.

Loc. Living : British seas ; Mazatlan ; Adelaide ; Yietoria Bank,
off S.E. Brazil, 33 fathoms {Ridley).

59. Cellepoea coeonopxjs, S. Wood.

Cellepora pumicosa, Linn, (non Busk), Syst. N'at. 12th ed. p. 1286.

Cellepora coronojpus, S. Y. Wood, Ann. & Mag. Nat. Hist. vol. xiii.

p. 13 : Busk, Crag Polyzoa, p. 57, pi. ix. figs. 1, 2, 3 ; Manzoni, Bry.

Poss. Ital. Cont. 4, p. 13, pi. iii. figs. 18, 19 ; Waters, Ann. &
Mag. Nat. Hist. ser. 5. vol. iii. p. 192.

Cellepora tubigera, Busk, loc. cit. p. 60, pi. ix. figs. 8-10.

Cellepora gambierensis, Busk, Quart. Joum. Geol. Soc. vol. xvi.

p. 261 (named only, no description) ; T.-Woods, Geol. Obs. in

S. Australia, pp. 74 & 85 ; T.-Woods, Trans. E. Soc. Yict. vi. p. 4,

pi. i. fig. 3.

Celleporaria gambierensis, Stoliczka, Foss. Bry. der Orakei Bay,

p. 141, pi. XX. fig. 7.

Although this species is reported to be extremely common in

Australia, a badly preserved specimen from Aldinga, which was sent

over by Professor Tate marked " G. gambieriensis," is the first that

I have seen, and as the descriptions laid most weight upon the

colonial growth, it was impossible to make any comparisons.

It grows in solid round branches about 8 millim. in diameter,

and anastomoses regularly. The aperture of the zooecia is round,

about 0'13-0-20 miUim., with a small avicularium, apparently below
the mouth. No zooecial avicularia or oviceUs have been found on

the specimen.
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Stoliczka {loc. cit. p. 142) suggested that probably the fossil was
C. coronopus ; and so far as this specimen permits a judgment, I cer-

tainly agree with him.

Loc. Living: Coasts of Britain and France ; Mediterranean. Fossil:

Pliocene : Crag ; Pliocene of Italy and Sicily ; Mt. Gambler {B.) ;

Geelong (Wilkinson) ; Orakei Bay (New Zealand) ; Aldinga.

60. Cellepoea ayicularis, Hincks.

CeUepora Bedoutei, And. in Sav. Egypte, pi. vii. fig. 6, p. 64.

CeUepora ramulosa, form avicularis, Smitt, Oefv. Kon. Yet.-

Akad. Forh. ]867, Bihang, pp. 32 & 194, pi. xxviii. figs. 202-210.
CeUepora avicularis, Hincks, Q. J. Micr. Soc. viii. p. 278 ; Ann. &

Mag. Nat. Hist. ser. 3, vol. ix. p. 304, pi. xii. fig. 6 ; Brit. Mar.
Polyzoa, p. 406, pi. liv. figs. 4-6 ; Norman, B. Assoc. Rep. 1868,

p. 308 ; Waters, Ann. & Mag. Nat. Hist. ser. 5, vol. iii. p. 193,

pi. xiv. figs. 11, 12.

A specimen from the River-Murray Cliffs apparently grew over

the stem of some seaweed, and rises into irregular nodulations.

The zocecia are ovate with an avicularium at the side by the lower

part of the oral aperture ; oral aperture suborbicular, angular at

the proximal edge, forming a sinus ; large spatulate avicularia dis-

tributed over the zoarium. Ovicell globose with large punctures.

The size of the cells, apertures, and avicularia is the same as in

my Naples specimens.

Loc. Living : British seas ; Arctic Ocean ; Red Sea ; Naples
;

lOfathm. Fossil: River-Murray Cliffs.

61. Cellepoea costata, MacG.

CeUepora costata, MacG. Trans. R. Soc. Yict. 1869, p. 11.

CeUepora retusa, Manz., var. caminata, Waters, Ann. & Mag. Nat.

Hist. ser. 5, vol. iii. p. 194, pi. xiii. fig. 1.

A small badly preserved specimen from Adelaide is growing on
MicroporeUa ferrea^ W. This has smaller zocecia than a recent

specimen from Glenelg, S. Australia, in which the aperture is 0*13

millim., while in the fossil it is only O'l millim. In the fossil no
ovicells are preserved, and the avicularia do not rise above the

zooecia, whereas in the recent specimen the ovicells are the same as

those from Naples, and the avicularia, although they turn more in-

wards, closely resemble those from Naples.

This I believe is related to Lagenipora spinulosa, Hincks.

Loc. Living: Wilson Promontory and Queenscliff, Victoria (il/rtcG^.);

Glenelg, S. Australia (A. W. W. coU.). Fossil : Leithakalk of Nuss-
dorf (Vienna) {A. W. W. coU.), Adelaide.

62. Cellepoea divisa, sp. nov.

The zoarium is subglobular, 6-8 millim. in diameter. The zooecia

are small and irregular in shape, with a small round aperture 0*13

millim. wide, and inside this there is a plate extending about one
third across the aperture (fig. 1). There is a central " pit " round
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which the zooecia are formed, and in this respect and the shape and
size of the zooecia it much resembles C. fossa, Haswell ; but no
avicularia are found on the colony. I have a small globular colony

(4 millims. diam,) from the Crag of Leiston, with the oral apertures

of about the same size, and a similar plate directed inwards. This

Pig. 1.

—

Zooecia of Cellepora divisa, sp. n., showing apertures.

(Enlarged 2b diam.)

Crag fossil has a rostrum below the aperture with a terminal avicu-

larium, and has plain globular ovicells. Possibly this is the armed
condition of the present species.

Loc. Mt. Gambler.

63. Cellepoea mamillata, Busk.

Cellepora mamillata, Busk, Cat. Mar. Polyzoa, p. 87, pi. cxx.

figs. 3,4, 5 ; Eidley, Proc. Zool. Soc. 1881, p. 54.

Cellepora mamillata, var. atlantica, Busk, Chall. Rep. Polyzoa,

p. 199, pi. sxxv. figs. 4, 5, 13.

In a specimen from the River-Murray Cliffs the zoarium incrust-

ing a sheU is raised into large prominent mamilLations. Oral

aperture nearly round, flattened below, about 0-18 millim. diameter.

Avicularia projecting above the zocecia, with large triangular man-
dibular openings on the median line on the internal aspect.

The mamillation of the zoarium occurs in a very large number
of Celleporoe and cannot be looked upon as a character of specific

value. C. mamillata only differs from C. pumicosa, Busk, in the

shape of the aperture.

Loc. Living : Coast of Patagonia ; A^ictoria Bank, S.E. Brazil

;

Crozet Island, off Bahia ; jS"ew Zealand {Hutton) ; Yictoria {MacG.).

Fossil : River-Murray Cliffs.

64. Cellepoea aebieosteis, Smitt.

Biscopora albirostris, forma typica, Smitt, Ploridan Brvozoa, p. 70,

pi. xii. figs. 234-239.

Cellepora alhirostris, Busk, Journ. Linn. Soc. vol. xv. p. 347 ;

' Challenger ' Report on the Polyzoa, p. 193, pi. xxxiv. fig. 7,

pi. XXXV. fig. 3.

A specimen from the River-Murray Cliffs is dome-shaped, re-

sembling Lunulites. The zooecia are round, much raised, and

smooth ; below the oral aperture there are small oral avicularia with
rounded openings, but I do not find any vicarious avicularia (ony-

chocellaria) ; above the aperture there are two spines ; aperture
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rounded on the distal edge, becoming wider on the proximal, which is

slightly concave 0-14:-0'l 7 millim. wide. In the recent and fossil spe-

cimens there are at the two sides of the aperture small teeth, one on

each side directed downwards towards the neural wall. The shape

of the operculum indicates the presence of such teeth, but they have

been overlooked. The dorsal surface much resembles that of C.

biradiata, W., and this species, C. albirostris, C. pertusa, and C. tri-

denticulata, are no doubt allied.

The specimen that I referred to pro tern, as 0. repleta (Journ.

Roy. Micr. Soc. vol. ii. p. 392, pi. xv. figs. 6, 8), is C. albirostris,

and grows round the stalks of seaweed, rising into ridges with

zooecia on each face of the ridge. These have no oral spines, fre-

quently the rostrum bifurcates, and ovicells surmounted with small

avicularia are supported by the rostrum. Smitt refers to the

Floridan specimens sometimes having two spines and sometimes

being without ; and as this is made a leading distinction between

C. albirostris and C. hastigera, I should certainly feel inclined to

unite them, for in each colony of Q. albirostris there is great varia-

tion in the size and form of the rostral process.

We see in this species and C. tridenticulata how little importance

we should attach to the mode of growth ; and among specimens

picked up at the same time near the Semaphore, Adelaide, as being

the same species, we have found that although they most closely

resembled one another in general appearance, they represent ^efero-

pora crevicornis, d'Orb., Gellepora albirostris, and C. tridenticulata.

Log. Living : Florida, 25-35 fathm. ; Sydney (Sm.) ; Heard
Islands, 75 fathm. (B.); Semaphore, Adelaide (A. W. W. coll.).

Fossil : Eiver-Murray Cliffs.

65. Cellepora pertusa, Smitt.

Discopora pertusa, Smitt, Floridan Bryozoa, p. 72, pi. xii. figs.

240, 241.

A specimen from Aldinga is irregularly subglobular ; diameter 4
to 7 millim. In the shape of the zocecia and of the large oral aper-

tures it corresponds with the Floridan specimens ; but in the fossil

there are no avicularia, and from Smitt's figures the avicularia only

seem to occur on some of the zooecia. Oral aperture 0*28 millim.

Log. Florida, 35-60 fathm.

66. Cellepora pertusa, Sm., var. ligulata.

The zoarium consists of hollow cylindrical branches. The zooecia

are ovate, elongate, irregular, with a rounded aperture nearly

straight below and slightly contracted at the sides ; there is a very

minute avicularium below or to the side of the aperture, and besides

this there are frequently small ligulate or spatulate avicularia on
the zooecia, and here and there an elongate spatulate vicarious

avicularium. The oral aperture is 0-12 millim.

I feel much doubt about any determination of this form, but in

calling it a variety of pertusa the similarity in most points is indi-
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cated, but the minuteness of the aperture and the avicularia on the

front of the zocBcia distinguish it.

Log. Eiver-Murray Cliffs.

67. Cellepora biradiata, sp. noY. (PI. YII. figs. 11, 12.)

In a specimen from the River-Murray Cliffs the zoarium is conical,

mamillated, in diameter about 20 millim., and has the general

appearance of a large Lunulites. The zoarium is formed by many
superposed layers of zooecia. On the dorsal surface there are

radiating lines, and when the outer surface is broken away, the

walls of a double row of zooecia are seen, and each such double

row is separated from its neighbours by septa (fig. 11).

Zooecia irregular, subglobular, raised, with the oral aperture

rounded on the distal edge, nearly straight on the proximal, forming

more than a semicircle, 0*12 millim. wide. Below the aperture,

a little to one side, is a small raised avicularium, with the mandibular

opening forming a nearly equilateral triangle. In one specimen

there are two spatulate avicularia, and sometimes three rudimentary

teeth can be distinguished in the oral aperture ; but this is excep-

tional. Ovicells subglobose, broader than high, smooth, resembling

the ovicells of Cellepora ramidosa, L., as figured by Hincks, Brit.

Mar. Polyzoa, pi. lii. fig. 8.

This and C. compressa, Busk, C. tridenticulata. B., and C. alhi-

rostris, Sm., all seem closely related.

68. Cellepora tridenticulata. Busk.

Cellepora tridenticulata, Busk, Journ. Linn. Soc. vol. xv. p. 347 ;

* Challenger ' Report on the Polyzoa, p. 198, pi. xxix. fig. 3,

pi. xxxv. fig. 17.

Prom the River-Murray Cliffs there is a solid dome-shaped colony

formed of many layers, measuring about 25 millim. in diameter, and

in a colony from Aldinga the zoarium commenced in a dome shape,

then spread out to about 10 centim. in diameter and grew into a

solid mass 10 centim. high. The zooecia are irregular, immersed,

with the oral aperture straight below, rounded at the distal end,

forming a little more than half a circle, and a little way down the

aperture on the proximal edge there are three narrow teeth directed

forwards. Below the oral aperture there is a small rounded avicu-

larium, and there was a spine on each side of the aperture. Oral

aperture about 0*2 millim., from which it can be seen that in the

fossil it was larger than in the specimen described by Mr. Busk ; but

recent specimens from the Semaphore, Adelaide, correspond with the

fossil. On the under surface the elongate hexagonal shape of each

cell is visible, and there are projections for attachment. Out of

several fossil specimens I have only found two with a vicarious avi-

cularium (onyehocellarium), and in this case it was spatulate, as

figured by Mr. Busk. In recent specimens sometimes the avicularium

is very small, at others it rises into a large rostral process, and occasion-

ally there are four teeth in the oral aperture. C. tridenticulata and

C. honolidensis, B., are very closely allied.
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hoc. Living : Off Cape York, lat. 10° 30' S., long. 142° 18' E.,

8 fathm. {B.)\ Semaphore, Adelaide {A. W. IV.). Fossil: Aldinga,

Eiver-Murray Cliffs (dome-shaped and iucrusting) ; Yorke's Penin-

sula (irregular cone-shaped) ; Waiimkerau (New Zealand).

69. Cellepora fossa, Haswell, Waters, Quart. Journ. Geol. Soc.

vol. xxxvii. p. 343, pi. xviii. fig. 89, and vol. xxxviii. p. 275.

From the River-Murray Cliffs there is a specimen about 25 millim.

in diameter, with the one surface, which may be called the under

surface, flat ; the other is slightly rounded. On the flat surface

there are about forty well-marked pits and a few smaller ones.

Fig. 2.

—

Zooecium o/CeUepora fossa. (Enlarged 2o diam.)

Mr. Haswell, in a " IS'ote on a curious instance of Symbiosis " (Proc.

Linn. Soc. N. S. Wales, vol. vii. 1882), refers to his discovery of

small red Actinids lodged in cylindrical pits in recent Cellepora, and
he attributes these pits in C. fossa to a similar parasite. It is

therefore extremely interesting to frequently find similar pits in

fossil Celleporce. Mr. Busk refers to a perforation two thirds through

C. tubulosa, a fossil from Australia, which, however, cannot be

identified, as the description only takes cognizance of the mode of

growth.

The straight edge of the aperture is irregularly rough, but there

are no teeth.

Loc. Living : Holborn Island. Fossil : Curdles Creek, Mt. Gam-
bier, River-Murray Cliffs, and Aldinga.

70. Cellepora fossa, Hasw., var. marsupiata, nov.

Zoarium subglobular (6 millim. diam.), with a central pit as in

0. fossa. In the typical C. fossa, the avicularium is very large,

often nearly as large as the oral aperture (fig. 2), so that in badly pre-

served specimens the appearance is of one large round aperture

with a bar across. In the present variety the avicularium is much
smaller, with the avicularian chamber raised, forming a kind of

pouch with a semicircular aperture (fig. 3). Surface granular. The oral

aperture (0' 1-0*12 millim.) is narrower than in C. fossa but is pro-

portionately longer ; inside the aperture directed downwards, towards

the interior of the zooecium, there is a tooth on each side of the

aperture, and sometimes these teeth are continued as a plate round
the proximal part of the aperture. In a few cases faint traces of
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such teeth can be detected in the typical C. fossa, but this is excep-

tional.

Loc. Eiyer-Murray Cliffs.

Fig. 3.

—

Zooecium of Cellepora fossa, var. marsupiata.

(Enlarged 25 diam.)

71. Lektthopoea hysteix, MacG.

Lelcythojpora Tiystrix^ MacGillivray, "Descriptions of I^ew or

Little-known Polyzoa," pt. iii. p. 194, Trans. Eoy. Soc. Yict. vol. xix.

pi. i. fig. 6 ; also pt. yiii. p. 8, pi. ii. fig. 6 (advance copy).

In the growth and the shape of the cells this so much resembles

various Cyclostomata that until sections were prepared I did not

recognize that it was a Chilostoma ; and even after careful examina-
tion the fossil remains very incomprehensible, and further study of

recent specimens is much to be desired. The state of fossilization is

not favourable for studying the minute structure. The zooecia, which
are subtubular, open only on one side of the zoarium, and are erect

and often more or less in bundles, giving the appearance of Frondi-

jpora. The small opening on the side of the aperture which
MacGillivray describes as an avicularum, is only distinguishable in

a few cases. On the front of the zoarium there are a number of

globular mamillations, sometimes with a small opening in the centre.

These much resemble the enlargements on the front of the cell

•which Professor MacGillivray describes as ovicells ; but these

enlargements in the fossil are usually entire, with comparatively

large pores on the surface. The solid under surface of the zoarium

has a few irregularly scattered large-sized pores.

72. Ctjpulaeia CANAEiEifsis, Busk.

Cujoularia ccinariensis, Busk, Q. J. Micr. Soc. vol. vii. p. 66,

pi. xxiii. figs. 6-9 ; Crag Polyzoa, p. 87, pi. xiii. fig. 2 ; Manzoni,

Foss. Ital. Contrib. i. p. 10, pi. ii. fig. 17; Bri. foss. del Mioc.

d'Aust. ed TJngh. p. 24, pi. xvii. fig. 56.

> Memhranipora canariensis, Smitt, Floridan Bryozoa, pt. 2. p. 10,

pi. ii. figs. 69-71.

Specimens from Aldinga have larger zooecia and larger opesial

openings than some recent specimens from Princess Charlotte Bay.

In the recent one the sulcate structure of the under surface is very

marked ; but upon careful examination faint cross-divisions can also

be distinguished, thus separating the dorsal surface into zooecial
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divisions, while in the fossil the dorsal sulci are not very marked,

and there are but few pores in each quadrangular division ; again

they are more numerous in the Charlotte-Bay example. The dif-

ference between this and C. guineensis and C. stellata consists in

the lamina not extending up to the distal border ; but this is a vari-

able character, and probably all three should be united under one

name.
Log. Living : Madeira and Canaries ; Princess-Charlotte Bay

(sent by Mr. Brazier) ; Florida, common, 10-44 fathm. (Sm.).

Fossil : Miocene—Austria and Hungary. Pliocene, Crag—Hills of

Pisa, Castelarquato, Asti, Mt. Mario, Ehode Island ; Tortonian

and Saharian of Reggio (Calabria) (Seg.) ; Aldinga.

73. Sele:n-aria maculata, Busk.

Selenaria macttZato, Busk, Cat. Mar. Polyz. p. 101, pi. cxvii.

;

Waters, Quart. Journ. Geol, Soc. vol. xxxix. p. 440, pt. xii. figs. 7,

9, and 12.

A specimen from the Eiver-Murray Cliffs is about 6 millim. in

diameter, and is exactly similar to specimens from Muddy Creek

and Bird Eock. The dorsal surface is divided by radiating ridges,

between which, there are single or double rows of large pores.

Another specimen from Aldinga (sent over as Lunulites rutella) has

smaller zocecia and very few vibracular chambers, and on the dorsal

surface there are, instead of the large pores, long erect tubes, which
may serve for attachment.

Besides the species named there is a small cylindrical fragment

of what I believe is Lejpralia (Onchojpora) immersa, Haswell ; but

with so small a piece, imperfectly preserved, I cannot feel sure of

the determination. The collection also contains a Membranipora
from the Eiver-Murray Cliffs which belongs to the M.-simiifera

group, and another with oval opesia and a small avicularium above

the opening, which might be M. levata. Hincks.

Upon reexamining the Mt.-Gambier collection I find that a

specimen which I thought was Retepora rimata, W., is R. jacJc-

soniensis, Busk ('Challenger' Eeport, p. 125, pi. xxvii. fig. 4).

These two species are very closely aUied, bat the avicularia differ in

shape. A further study as to the range of variability of R. jacJc-

soniensis would be of great interest.

EXPLANATION OF PLATE VII.

Fig. 1. Membranipora rhyncTiota, Busk. The zooecia on the left have ovicells;

those on the right are without.

2. Mono^porella sexangularis, G-oldf. From specimen fig. 13.

3. Membranvpora aperta, Busk.

4. Micropora patula, Waters.

5. Membranipora parvicella, T. Woods.
6. Microporella elevata, T.-Woods ; showing marginal avicularia.

7. Microporella magna, T.-Woods.

a. J. 0. S. No. 163. z
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Fig. 8. Microporella pocilliformis, sp. nov.

9. Microporella elevata, T.-WoocTs ; drawn from tlie same colony as No. 6.

10. Lepralia confinita, sp. nov.

11. Cellepora hiradiata, sp. nov. ; dorsal surface.

12. Ditto, natural size.

13. Mmioporella sexangularis, Goldf. ; natural size.

14. Schizoporella protensa, sp. nov.

15. Smittia Tatei, T.-Woods ; natural size.

16. Membranipora temporaria, sp. nov.

Discussion.

Mr. EiHEEiDGE said the author had done yaluable service in de-

scribing Polyzoa from various countries, and this contribution would
doubtless prove a valuable addition to our knowledge.
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29. On the Ostracoda of the Puebeck Foemation ; luith Notes on

the Wealden Species. By Prof. T. Eupeet J'o:n^es, F.R.S.

P.G.S., &c. (Eead May 13, 1885.)

[Plates VIII. & IX.-^]

Contexts. Page
§1. Introduction 311

§ n. Ostracoda of the Purbeck Formation.—Sources of Information ... 312
Sir C. Lyell's woodcuts, and the Diagrams at the Museum of

Practical Geology 312
E. Forbes's two Letters 314
Vertical Sections (Geological Survey) at Durlston Bay, Wor-
barrow Bay, Mewps Bay, and Eidgway Hill 315

BE. W. Bristow's, J. H. Austen's, and O. Pisher's Lists of Pur-
beck strata 315

Fitton and Sowerby in Fitton's memoir (Trans. Geol. Soc. ser. 2,

vol. iv. 1836), and Dr. Fitton's specimens in the Geological

Society's Museum 315
Specimens in the Museum of the Geological Society, Museum of

Practical Geology, and British Museum, and communicated
specimens 317

§ III. Ostracoda of Wealden and reputed '•' Wealden " strata 317
E-omer's and Dunker's species 318
Shotover and jS'etherfield specimens 320
Synonyms of Oypridea Austeni 321

§ IV. Catalogue of definite localities and horizons in the Purbeck
Formation, with their Species 321

L Upper Purbecks 321
IL Middle Purbecks 323

III. Lower Purbecks 325
IV. Species from Moimtfield. Poundsford, and Netherfield 330
V. Species from Swindon, collected by Mr, C. Moore 330

§V. Conclusion 331
§VI. Tabular Conspectus of the Purbeck Ostracoda 332

§ VII. Appendix

:

1. Ostracoda of the Wealden Formation 333
2. Sj-noptical List of the Purbeck and Wealden species in England 335

§ Vni. Description of the Species 336
Explanation of the Plates 351

§1. I^^teoduction-.

In the ' Geological Magazine,' dec. 2, vol. v. (March and June 1878),

pp. 103 & 277, I offered some observations on the Ostracoda of the

Purbeck and "Wealden Formations, and endeavoured to determine

the species already described and figured by Sowerby, Fitton,

F. A. Eomer, and W. Dunker, and by E. Forbes, Lyell, anc P. de
Loriol. One of these species was further noticed (as Qytherel
purhecketisis) in the ' Proceedings of the Geologists' Association,'

vol. viii. 1883, p. 58, together with an additional species which I

had defined as Cythere boloniensisf [bononiensis] in the Bull. Soc. Ge'ol.

France, ser. 3, vol. viii. 1882, p. 616.

^ These Plates have been drawn by aid of a grant from the Royal Society,

for the illustration of Fossil Entomostraca.

t jS'ow corrected to bononiensis, in accordance with the Latin name of Bou-
logne, " Bononia.'"

2z
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Having been enabled, by the help of the Eev. 0. Eisher, Mr. W,
Cunnington, Mr. Horace B. Woodward, Mr. J. C. Mansel-Pleydell,

Prof. J. F, Blake, and other friends, to add considerably to my own
collection of Purbeck Entomostraca, among which are many spe-

cimens collected by Eitton and Brodie, and having been kindly

aided in my practical work by Mr. E. T. IS'ewton, E.G.S., and Mr.

C. D. Sherborn, I have begun to examine and determine the whole

series of Ostracodous species characteristic of the Purbeck-AYealden

beds. As far as opportunities have offered, I have also studied the

specimens preserved in other collections and museums.

§ II. The Osteacoda of the Ptjebece: Beds.

Sources of Information.

Professor Edward Eorbes commenced this work of determining

the Purbeck Ostracoda long ago*; but his results were not fuUy
recorded, nor, indeed, is it now possible (as already intimated in

the papers referred to above) to recognize each of the typical spe-

cimens he intended to be preserved, or all the species that he
intended to determine, although a near approximation, on the

whole, has been obtained.

The chief aids in this inquiry have been:—(1) The woodcut
figures in Sir Charles LyelFs 'Manual of Elementary Geolog}^'

5th edit. 1855, and in later editions, copied presumably from
diagrams made (between 1851 and 1855) for Prof. E. Eorbes by his

brother, James Eorbes, for his lectures at the Museum of Practical

Geology; (2) Some of these diagrams now remaining in that

Museum
; (3) Some hand-specimens in the same Museum, with

names given by E. Eorbes attached to them
; (4) Two MS. notes,

containing rough sketches by E. Eorbes, one not fully dated, but pro-

bably written on July 18th, 1851, and sent to Mr. Bristow (with

which he has most kindly favoured me), and the other to myself,

dated July 23rd, 1854.

Sir C. LyelVs Woodcuts, and the Diagrams at the Museum, of
Practical Geology.—Erom the figures and accompanying remarks in

Lyell's 'Manual' &c., 1855, p. 294 &c., and the next edition of

the same work, with the title of ' Elements of Geology,' 6th edition,

1865, pp. 378 & 387, we find that

1. "- Cypris-f gihhosa," fig. 368, a,

2. " tuherculatcc," fig. 368, 6,

3. " leg^iminella," fig. 368, c,

are referred to the " Upper Purbecks ;"

* Eeport Brit. Assoc, for 1850, Trans. Sect. pp. 79-81 ; and Edinb. New
Phil. Joiirn. vol. xlix. 1850, pp. 311-313. No names of the species are given in

either of these publications.

t " C^pris" is far from being the genus to which all these Ostracoda are

really referable. The generic relationships will be discussed later on in this

paper. On these points my friend Dr. George S. Brady has favoured me with

his advice and opinion.
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4. " Cypris striatopmictata,^' fig. 371, a,

5. " fasciculata," fig. 371, b,

6. " granulata,'' fig. 371, c,

are referred to the " Middle Purbecks ;" and

7. " Cypris purheckensis^'^ fig. 375, a,

8. " punctata, '''

fig. 375, 6,

are referred to the " Lower Purbecks."

All of these species, except (jranulata* (fig. 371, c), were referred

to " E. Forbes " by Lyell
; presumably, however, tuherculata is after

Sowerby, and striatopunctata was named probably after Romer, but

erroneously. The woodcuts, and the remaining few of the diagrams

from which they were probably reduced, are very unsatisfactory

illustrations of these Ostracods, several essential features not being

shown in the oblique and clumsy drawings ; and in some cases pro-

bably waterworn or weathered specimens have been taken for types.

This is especially noted in Proc. Geol. Assoc, vol. viii. 1883, p. 58,

as regards fig. 375, a, which is comparable with only one indi-

vidual on the slab of Purbeck limestone, Xb^, in the Museum of

Practical Geology, probably examined by E. Porbes, and that is a

waterworn or weathered little " specimen, in which the valve lying

uppermost has been worn or dissolved away by water so far as to

leave the edge of the underlying valve exposed all round it, and like

a marginal rim belonging to it."

Of the foregoing list, No. 1 is not readily recognizable, and is not

noticed in the MS. note of July 23, 1854 (hereafter mentioned) ;

but it is probably a variety of -punctata, and, like that, most common
in the upper part of the series. To this conclusion, Eorbes's letter

to ]\lr. Bristow (July 18, 1851) and the study of punctata and its

variations easily lead me, having in view a large series of Purbeck
specimens. No. 2 is met with rarely in the Middle and Upper
stages of the Purbeck formation. JSTo. 3 is easily recognized in the

Middle, and occurs also in the Upper beds.

No. 4. The form here intended is rare ; it is better figured in the

sketch in the letter to Mr. Bristow. It is found in the Middle
Purbeck. No. 5 is very characteristic of the Middle Purbeck (as is

also noted by E. Forbes, and known to the Bev. 0. Fisher and Mr.
W. Cunnington), both by its abundance there and its absence from
the other divisions of the series. No. 6. This, if intended for the

granulosa of Sowerby, is not that species. Most probably it is the

granulosa of Bomer and Dunker, which is rare (as BunTceri, see

p. 339) in the Middle and Upper Purbecks.

No. 7 is the characteristic Lower-Purbeck form; and, although

badly drawn in fig. 375, a, it is well known to the Bev. 0. Fisher

and Mr. W. Cunnington by direct information from E. Forbes, and
is plainly indicated in his letter to Mr. Bristow. No. 8 is different

from any Lower-Purbeckt species, and, indeed, is recognizable as an

* Referred to " Sowerby." It is not, however, the granulosa of Sowerby,
but is rather the granulosa of Romer and Dunker, which I now term DimTceri.

t Although this form occurs in the so-called " Lower Purbeck " of Swindon,
we must remember that the whole of the series (Upper, Middle, and Lower)
is represented there. (See further on, p. 331.)
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abundant and characteristic IJpper-Purbeck species and the prede-

cessor of Cypridea valclemis of the Wealden formation. It is

mentioned in the Cat. Foss. Miis. Pract. G-eol. 1865, as belonging to

the Upper Purbeck, probably by mistake.

E. Forhes's Letter, July 18, 1851.—The sketches in E. Forbes's

letter to Mr. Bristow, dated only " Friday, 18th," but, from internal

evidence, written in July 1851, are :

—

I. For the Upper Purbeck:—1. " Cyjpris spinosa : a large black

Cypris in some beds, with very prominent spines." This is probably

an exaggerated form of Cypridea tuherculata (Sow.), which in some
cases has larger tubercles than in others. 2. " A usually dark or

black species, smooth to the eye, but really punctate ; . C. gihhosa,

perhaps identical with C. valdensisJ^ This I take to be E. Forbes's

punctata and its variety gibhosa. 3. " A very small fellow, like

snail's dung, shaped like a pea-pod." This is called " C. leguwdnel-

loides," and is evidently the leguminella of Lyell's list.

II. In the Middle Purbeck :—1. " A granulated species ; scarce :

C. gramdosa." iN'ot the gramdosa of Sowerby, though evidently

thought to be so here and when given as granulata in LyeU's list

(1855) and in the MS. note of 1854. 2. " C. fasciculata. A
fasciculated species, perhaps a variety of granulosa ; with two little

bundles of tubercles, one at each end. This is the most charac-

teristic Middle-Purbeck species." It is the fascicidata of Lyell's

tig. 371, h ; and it is essentially the same as Cypridea granulosa

(Sow.). 3. "An oblong species, with punctations and striations

both ; C. striatopunctata. This is rare, and only in the ' Inter-

marine Beds.' " Probably named after Eomer's striatopunctata, but

it matches neither Eomer's nor Bunker's figures and descriptions,

and Prof. Dr. Bunker* believed it to be different. 4. " I have

notes also of a peapod-shaped species, larger than that of the"
[leguminelloides']. This larger peapod-form is probably my Cyprione

Bristovii.

III. " In the Lower Purbeck the Cyprides are all smooth and

oblongt, and rather fat : Cypris purhecJcensis." This sketch is free

from the false margin referred to above (p. 313).

K Forhes's Letter to T. R. Jones.—In his note of July 23, 1854,

Prof. E. Forbes informed me whereabouts the Purbeck "Cyprides "

were to be found (just about as now) in the Museum at Jermyn
Street, and enumerated the following names, as "given to the

principal ones," together with small rough sketches :

—

'* Gyp. tuherculata?,

leguminella,

granulata,

fascicidata,

punctata,

purhecTcensis (smooth),

striatopunctata.^''

* In letter. (See further on, id. 319, note.)

t By these two features C. punctata is shut out from the Lower Purbeck, in

which Bristow (m Damon's ' Geolog>' of Weymouth ' &c., new edition) and
Lyell give it by mistake.
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There is no special order kept in this list. The false margin is

partly indicated for jpurheclcensis, and the name granulata, as in

Lyell's list (fig. 371, c), is probably given by mistake for granulosa

of Eomer and Dunker.

The Vertical Sections jpuhlislied hy the Geological Survey.—Only
three " Cyprides " with specific names (tuberculata, leguminella, and
pm-becJcensis) are affixed to any particular bed in the Geological

Survey's "Vertical Sections " (Sheet No. 22) of the Purbeck strata,

made after Prof. E. Porbes had finished his survey-work. In the

successional table of the strata seen at Dnrlston Bay there are six

Cypridiferous beds, or groups of beds, indicated for the " Upper
Purbeck," the topmost containing "O. tuberculata ;" for the " Middle

Purbeck" twelve such beds; and for the "Lower Purbeck" two
such special zones. Among the strata seen at Worbarrow Bay
there are indicated one such bed for the " Upper," two for the
" Middle," and five for the " Lower Purbeck ; " at Mewps Bay,

one for the " Upper," three for the " Middle," and three for the
" Lower Purbeck." For the section at Ridgway Hill, north of

Weymouth, there are two such zones in the " Upper ;" four in the
" Middle," in one of which '' C. leguminella " is named ; and six in

the "Lower Purbeck," in the uppermost of which " O. purbecJcensis
"

is mentioned.

The persistency of several of these Cypridiferous zones throughout

the Dorsetshire sections is very noteworthy. How far the same
species of Ostracoda hold their own along these zoces is not yet

determined ; but possibly the appended lists (though imperfect) will

throw some light on this subject.

Lists of Purbeck Strata by H. W. Bristoiu, J. H. Austen, and

0. Fisher.—In Mr. Bristow's Purbeck list, in the new edition of

Damon's ' Geology of Weymouth ' &c., 1884, pp. 202, 207, & 209,

the species referred to the three divisions of the Purbeck series are

the same as in LyeU's ' Manual ' above quoted. No '* Cyprides
"

are specially mentioned in the Rev. J. H. Austen's list* in his

' Guide to the Geology of the Isle of Purbeck ' &c., 1852 ; or in

the Rev. 0. Pisher's list of the strata at Swanage Bay, Trans. Camb.

Phil. Soc. vol. ix. p. 568 &c., 1855 ; but in his list of the strata at

Ridgway Hill, " Cypris purbecJcensis " is affixed to one of the Lower

Purbeck beds. Both the Rev. 0. Pisher and Mr. Cunnington have

favoured me with named specimens of G. purbecJcensis and G.

fasciculata.

Fitton and Sowerby; and Dr. Fitton's Specimens in the Museum

of the Geological Society.—Of the Cypridae referred by Pitton in

1836 to the Purbeck formation, unfortunately we cannot speak

with full certainty.

Gypridea valdensis (Fitton), first and erroneously referred by

J. de C. Sowerby to Gypris faba, Desmarest, was figured and

described by him (1824) in the ' Mineral Conchology,' pp. 136-138,

* In G. Wilson and A. Geikie's ' Life of Edward Forbes' (1861) it is sug-

gested, at p. 477, note, that this list was based on information obtained from

the Geological Surveyors.
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pi. 485, and the figure is very characteristic of a Cijpridea common
in the AVeald Clay, as mentioned by Sowerby. This same species

was referred to, and named Cypns valdensis, by Dr. Fitton in the

Trans. Geol. Soc. ser. 2, vol. iv. 1836, pp. 177, 205, & 228, and
by Sowerby at p. 3-14 ; but unfortunately another form was con-

fused with it and figured (]3l. 21. fig. 1) instead of it. "Whether

this other species was obtained from the Wealden or from the Pur-
beck beds is not evident from the memoir. At pp. 229 & 260
C. ojoldensis is also referred to as occurring in the Purbeck beds ;

but, in the first place, I did not meet with it, after long and careful

search in that formation, until lately, when it turned up, quite rare,

in one thin bed of the Middle Purbeck at Eidgway; and, secondly,

hand-specimens* collected by Dr. Pitton and marked " C. faha
"

(which was at that time regarded as the same) really contain

C. pirrhecJcensis, and not C. vcddeasis. Pitton's fig. 1 comprises five

sketches, namely :—(1) a piece of black shale crowded with Cyprids ;

(2) an individual of the natural size ; and (3) three views of a spe-

cimen quite different from the real C. valdensis. Believing that I

found some specimens like the fig. 1 above mentioned in the Weald
Clay of Peasemarsh, Surrey, and in the Ironstone of Shotover, I

separated this form as Cypridea Austeni in 1878 (Geol. Mag. dec. 2,

vol. V. pp. 110, 277).

Pitton's fig. 2 (pi. 21) comprises two species under one name :

—

h and c are Cypridea tuhercidata (Sowerby, in Pitton's memoir), and
a is C. Fittoni (^lanteU), both from the TTeald Clay (pp. 177, 205,

228, & 345). Pig. 3 is Cypridea spinigera (Sowerby), from the

"Weald Clay (p. 345). Pig. 4, termed " Cypris granulosa " by
Pitton and Sowerby (pp. 177, 260, and 345), is an important

species, one of the modifications of which is the Cypridea fasciculata

(Forbes), very common in the Middle-Purbeck beds. The little

Cypridiferous light-coloured block figured resembles a bit of the

common soft whitish Purbeck limestone, or calcareous shale, often

fuU of C. fasciculata ; and the two views of the bivalved carapace

show the surface to be, as usual, nearly bare of tubercles about the

middle region. The notcTi was missed by the artist, and the outline

not quite accurately given. This species is quoted, at p. 177, from
the '• ferruginous sand, Tilgate Porest " (ManteH's Collection) ; but

of this locality for it I have no certainty, and, indeed, C. tubercidata

was probably mistaken for granulosa, as was decidedly the case

with a specimen collected by Dr. Mantell, and now in the British

Museum. The localities given at p. 260—"between Dallard's

Parm and Catherine Pord " and at " Dashlet, between Penthurst

and Teffont"—are doubtlessly true for this species.

The figures given by Sowerby for Pitton's memoir approach very

closely C. fasciculata (E. Porbes), as intimated above ; and, indeed,

Porbes (in the letter to Mr. Bristow) refers his fasciculata with

some doubt to C. granulosa (meaning, no doubt, Sowerby's species,

though the sketch does not agree vnth it) as a variety of that

species. Forbes's/ffScicwZato does not occur in the Wealden beds;

* Such as those referred to at pp. 259, 260, of Pitton's memoir.

i
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but a form resembling our figs. 10 and 17, PI. IX., is figured by

Eomer (badly) and by Dunker from the Wealden of Obernkirchen

and the Purbeck limestone of the Deister, as C. granulosa, Sow.

;

and Eorbes's MS. sketch of granulosa (in Mr. Bristow's letter) also

approximates to fig. 17, PI. IX.

Among Dr. Fitton's collection deposited in the Museum of the

Geological Society, there are mounted specimens of the G. tuherculata,

fig. 2 (pi. 21), and 0. spinigera, fig. 3, both Wealden species. There

are none mounted, however, of the forms represented by his figs. 1

& 4 ; but specimens like fig. 4 occur freely in some of the rock-

specimens preserved in that collection.

For the specific names of the Cypridse mentioned and figured in

Dr. Fitton's memoir (1836) in only one case I refer to Fitton as the

authority. He especially states that he gives the name valclensis

at p. 177; but the other species were determined by J. de C.

Sowerby, and to him I refer as their authority, as, indeed, does

Dr. Dunker, though F. A. Eomer regarded them as Fitton's species.

Interesting notes on the casts of " Cypris^' observed in the

Lower-Purbeck beds, overlying the Portland Stone at Portland, are

given at pp. 219 & 229 of Dr. Fitton's memoir " On the Strata

below the Chalk " &c., Trans. Geol. Soc. ser. 2, vol. iv. (1836)

;

but their importance is much lessened by the absence of definite

descriptions and figures. A species said to be near to C. spinigera,

and one with a " protuberance at the end of the valves," are indi-

cated. At p. 212 " C. tuberculata " and " 0. valclensis ? " are also

referred to as occurring at Portland, about 20 feet above the

Portland Stone*. The specific determinations of these little

organisms, however, were in many cases inaccurate in those days.

The Cypridiferous beds in the Purbeck of Bucks are noticed at

p. 297 ; of Wilts at pp. 259 & 260 ; of Dorset at p. 229.

Other Collections.—The Purbeck specimens in the Museum of

Practical Geology and the British Museum have also been carefully

examined. The results are incorporated with the lists given in the

sequel. So, also, with specimens kindly communicated by the Eev.

0. Fisher, F.G.S., and W. Cunnington, Esq., F.G.S., as well as my
own large collection.

§ III. The Osteacoda or Wealden and eeputed Wealden
Steata.

Fitton, Sowerby, and Mantell.—In treating of the Purbeck
Ostracoda it is obviously necessary to have a preliminary notice of

the Wealden species so far as they have been described ; for some
of the forms recur in this upper formation, and most of the series

have some mutual relationships. Cypindea valdensis (Fitton),

Q. Austeni, Jones, C. tuberculata (Sow.), and C. spinigera (Sow.),

have been referred to above, being noticed in Fitton's memoir.
In 1844 (' Medals of Creation,' vol. ii. p. 545, lign. 119, fig. 2)

* Probably No. 389, further on, at p. 325, is such a specimen, definitely cha-
racterized by C. hononiensis, C. ansata, and C. purhecJcensis.
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Dr. G. A. Mantell separated, as " CyjpAs Fittoni,'' a characteristic

Wealden species, some of the figures of " 0. tuhermlata" in Fitton's

memoir (1836).

Homer and Bunker.—The so-caUed " Wealden " beds of jS'orth

Germany }ield several interesting species, some of which are found

in England also.

In 1839 Fr. A. Eomer (' Yerstein. norddeufcsch. Oolithengebirges
')

figured and described (p. 52) from the " Wealden " beds of North
Germany

—

1. Cypris valdensis, Fitton, pi. 20. fig. 20, a, 6. Badly drawn,
and with strong beak, although the reference is made to

fig. 1, pi. 21, Trans. Geol. Soc. ser. 2, vol. iv.

2. oblonga, Eomer, fig. 21. Figured differently by Dunker
afterwards.

3. stnatojpunctata, Eomer, fig. 22, a, h. Figured by
Dunker more distinctly afterwards.

4. tubercidata, Fitton, fig. 23. Differing, however, some-
what in shape.

5. granulosa, Fitton, fig. 24. Figured differently by Dunker
subsequently.

The figures are poor, and the descriptions scantj^ ; but the forms

cau mostly be recognized with the help of Dr. "W. Dunker's ' Mono-
graphic nordd. "Wealdenbildung,' 1846. Herein he gives

—

1. Oypris valdensis, Sow., p. 59, pi. 13. fig. 29, a, h. Copied

apparently from Sowerby's original figure.

2. Icevigata, Dunker, p. 59, pi. 13. fig. 25.

3. ohlonga, Eomer, p. 60, pi. 13. figs. 24 & 26, a, 6. Figured

here with a heaJc.

4. stnatoj)unctata, Eomer, p. 60, pi. 13. fig. 32.

5. granulosa, Sow., p. 60, pi. 13. fig. 31. Differing from
C. gramdosa, Sow., in Fitton's memoir, pi. 21. fig. 4.

6. tuhercidata (?), Sow., p. 60, pi. 13. fig. 30, a, b. Differing

from C. tuhercidata. Sow., Fitton's memoir, pi. 21. fig. 2.

7. rostrata, Dunker, p. 61, pi. 13. fig. 27.

8. pinnceformis, Dunker, p. 61, fig. 13. fig. 28.

These are all figured as belonging to the genus Cypndea, having

the antero-ventral notch and beak.

Of the several Ostracoda described by F. A. Eomer (1839) and

"W. Dunker (1846), from the Purbeck-Wealden formation of North

Germany (see above, and Geol. Mag, dec. 2, vol. v. 1878, pp. 104-

106), Dr. C. Struckmann* refers C. valdensis, G. ohlonga, and O.

gramdosa to the Purbeck division. These determinations, however,

are probably open to revision.

The late Dr. Dunker regarded the Wealden of Hanover, and that

of North Germany in general, as the equivalent of the English

Purbeck. (In letterf.)

* ' Die Wealden-Bildungen der Umgegend von Hannover,' 1880, p. 56.

t My old friend, the late Dr. W. Dunker, of Marburg, wrote the following
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Unfortunately there is much difficulty in correlating several of

the above-mentioned species. In the first place, Eomer gives the

heak to one only, and Dunker figures all as being healced more or

less distinctly ; secondly, the outlines given by the two authors dis-

agree in nearly every case.

In the British Museum are some specimens, from Obernkirchen

and the Deister ; and a careful examination of them gives me the

following species (associated with Estheria elliptica, Dunker) :

—

1. Cypridea punctata (Forbes), as figured in the Appendix of my
Monogr. Poss. Estherise, pi. 5. figs. 26-30. I presume that

Eomer's fig. 20 and DunJier's figs. 27 & 28 may have been

drawn from variously modified (and partially imbedded ?)

individuals of this species.

2. Dunkeri, n. sp. Presumably Eomer's fig. 24, and cer-

tainly Dunker's fig. 31, represent a good species, which is

not Sowerby's " granulosa" and therefore has been renamed
in the sequel (p. 339).

3. Cyprione Bristovii, gen. et sp. nov., and 1 These two may pos-

4. Darwinida^ leguminella (Porbes). J sibly have been in-

cluded under the " Cypris ohlonga " of Eomer and Dunker;
but Eomer's fig. 21 and description fall short of the reality

of the first, and do not illustrate the second ; and Dunker's

fig. 2Q, though nearly like the first in outHne, is markedly
heaJced, and therefore diverges, either really or by misadven-

ture, from it and still more from the second form mentioned,

which, however, is very abundant, and would readily furnish

material for Dunker's fig. 24—a little Cypridiferous slab, of

natural size.

5. Cypridea granulosa (^ow.),--=fasciculata (Porbes), also occurs

in these Hanoverian shales at Miinden f, though not men-
tioned or figured by Eomer and Dunker. This, we shall

see, is a true Purbeckian species in England.

note, a very short time before his death, in reply to some inquiries I bad
made :

—

"The Cypris striatopunctata, Ed. Forbes, is altogether different from C.

striatopunctata, Eomer : see Dunker's ' Monographie ' &c., where the latter is

sufficiently well figured. Unfortunately I cannot send you a specimen, as the
originals were borrowed by me and have long ago been returned. Your new
species from the English Purbeck [judging from figures suppHed] has nothing
in common with the C. striatopunctata of Eomer. In my opinion the Wealden
of Hanover, and of North Germany in general, is equivalent to the Purbeck of

England."
Communicated to me by Dr. Brockmeier, at the request of Madame Dunker,

March 18, 1885.
* The generic name " Barwinella^^ was given by Brady and Robertson to a

very interesting Ostracod to which this Purbeck-Wealden form is distinctly

related. The same name, however, has been used already for a Sponge by
Fritz Miiller ; and " Darwimda " has been suggested by a friend, and approved
of by G. S. Brady, as a substitute. See further on, p. 346.

t Perhaps these belong to the " Miinder-Mergel," described by Struckmann
as transitional between the Portland and Purbeck formations. See Geol. Mag.
dec. 2, vol. viii. 1881, p. 479.
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SJiotover and Netherfidd Specimens.—In 1878 (Geol. Mag. dec. 2,

vol. V. pp. 103—109, pi. 3. figs. 3-10) I described and figured some
Ostracoda from the Ironstone of Shotover Hill, near Oxford. These
include both Wealden and Purbeck species. Some of the specific

determinations require revision. Candona PMIIijosiana (p. 108),

fig. 3, seems to be a good species ; but I failed in my endeavour to

fijx the Cypridece figured as 5, 6, and 7 ; for fig. 6 is in all essentials

equivalent to the Purbeck species, C. granulosa (Sow., in Pitton,

which I now find has the heah and notch), being granulated at the

ends and not in middle, and it was badly grouped with the spinose

valves (with sharp tubercles), figs. 5 and 7 ; nor was the collocation

of fig. 4 (a coarsely tuberculate form) with these correct. They are

all called verrucosa (pp. 108, 109), but the last may weU be the type

of the species, the intensity of its warty ornament having caused it

to be regarded as the strongest, or var. crassa (p. 108) ; whilst the

spiny valves are not truly verrucose or warty, and the slightly

verrucose fig. 6 must go to C. granulosa (Sow.), since the latter is

found to be really a Cyp-ndea. I now find specimens like figs. 5

and 7 in the Wealden shales of Sussex, and propose to call them
C. acuJeata.

Pig. 8 and fig. 1 of Pitton's pi. 21 (which latter is not " valdensis,'*

though called so by him and Sowerby) were treated by me, in the

paper referred to, as Cypridea Austeni (pp. 109, 110, 277). Pigs. 9

and 10 were named by me G. hispinosa ; and this seems to be a

permanent form, having representatives in the Sussex Weald. Pig. 11

is an outline of the common 0. valdensis, like that of Kent and

Sussex.

Of the other Ostracoda in pi. 3, Geol. Mag. 1878, figs. 12-16 were
from the "Subwealden Boring" at jS'etherfield, near Battle, in Sussex.

Pig. 12 is probably a Bariuinula, near to D. leguminella (Porbes)

;

figs. 13-15 are Cypridea piunctata (Porbes), not " valdensis,'' p. 110 :

and fig. 16 is C. gramdosa (Bomer and Dunker), p. 110, but, for

convenience of nomenclature, now named DunTceri : all from the

Upper Purbeck.

The Shotover species will therefore stand thus :

—

Pig. 3. Candona Phillipsiana, Jones.

4. Cypridea verrucosa, Jones.

5. 7. acideata, Jones.

6. granulosa (Sow.). A characteristic Mid-Purbeck
species.

8. Austeni, Jones.

9, 10. hispinosa, Jones.

11, valdensis (Pitton).

Those from the boring at IS'etherfield thus :

—

Pig. 12. Darwinula ?

13, 14, 15. Cypridea punctata (Porbes).

16. C. Dunkeri, Jones.

In Mr. Topley's 'Geology of the Weald' (Geol. Surv. Mem. 1875)
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there are several references to the occurrence of Cypridae in the

Purbeck beds near Poundsford, Mountfield, and elsewhere in Sussex

(pp. 31, 41, 408, &e.) ; but the specific determinations are doubtful.

The specimens were noted on the spot by Mr. Etheridge, but have
been since mislaid.

Synonyms of Ctpeidea Austeni *, Jones, 1878.

Cypris valdensis, Pitton and Sow. (not Sow., Min. Conch, tab.

485), Trans. Geol. Soc. ser. 2, vol. iv. 1836, p. 177, pi. 4. fig. 1.

Cypris granulosus (part), Mantell (not Sow.), Wonders of

Geology, 1838, vol. i. p. 344, tab. 46. fig. 7 ; C. granulosa, 6th edit.

1848, vol. i. p. 405, lign. 98, fig. 1 ; 7th edit. 1857, p. 419, lign.

104, fig. 3 ; Medals of Creation, 1844, vol. ii. p. 545, lign. 119,
figs. 1,1a; 2nd edit. 1854, vol. ii. p. 527, lign. 174, figs. 1, la.

Cypris valdensis, Lyell (not Sowerby, Min. Conch.), Elements of

Geology, 1838, p. 348, fig. 185 ; 2nd edit. 1841, vol. i. p. 417, fig. 201;
3rd edit, (as ' Manual of Elem. Geol.'), 1851, p. 228, fig. 233

:

4th edit. 1852, p. 228, fig. 233 ; 5th edit. 1855, p. 263, fig. 306.
Cypridea Austeni, Jones, Geol. Mag. dec. 2, vol. v. 1878, pp. 109.

110, 227, pi. 3. fig. 8.

Dr. Pitton's wording at p. 177 of his memoir would necessitate

the adoption of the name " valdensis " for this form, to the figure of

which (his fig. 1, pi. 21) he there refers, were it not that he alludes

to Sowerby's description of the real valdensis as Cypris faha (a

name by which it was at first known), and especially refers to Sow-
erby's figure in the ' Min. Conch.' tab. 485, as weU as to the "profuse
abundance " of the species in the Wealden Beds.

§ lY. List or Specimen's with well-deteemin'ed Localities and
HOEIZONS.

I. Ostracoda from the Upper-Purheck Beds.

Doeset.

§ 1. Burlston Bay f.

Nos. of the speci-

mens in T. E. J.'s Locality. Collector or Museum. Species
J.

Collection.

T,^ oqq (
" Near Peverel Point,"

||
Swanage (punctata and

i i / <£/y^.
I
a -^ of Flagstaff ; below other marl

"

[ var. posticalis.

* Named after my friend the late Mr. R. A. C. Godwin-Austen, of Shalford, in
whose company I found the specimen at Peasemarsh, and who directed me to
the shale-heap of Upper-Weald Clay, thrown out in digging a reservoir at the
brewery there.

t A general account of the Purbecks of Durlston Bay is given by Mr. Hudle-
ston and others in the Proc. Geol. Assoc, vol. vii. pp. 377 and 386-390.

^ The generic names are omitted for convenience.

II
See also Catal. Rock-specimens Mus. Pract. Geol. 1862, pp. 143, 144,

" compact freshwater limestone in thin bands, in Upper Cypris-shales of the
Upper-Purbeck Beds." Note also that "C. punctata " is quoted from the Marble-
rag beds, Upper Purbeck. at p. 143.
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List of Specimens (fee. (continued).

Nos. of the speci-

mens in T. R. J.'s

Collection. Locality. Collector or Museum. Species

34 & 48. " Durlston Bay. J. Morris," April 1, 1883.

34 a. " Durlestone." Collected by Prof. E. Eenevier when 1"
, ^„/ /

he was in England in 1854-5. ji'"^^^^'^^-

^34 c }
^®^®^®1 ^oi^^ ^- ^- Mansel-Pleydell, F.G.S. punctata.

34 D. "Durlestone. Brodie, Jun." British Museum, punctata.

405. Durlston Bay. " Between Burstone and Marble-beds." 1

Impure laminated limestone, composed of C. punctata \ punctata.

and broken Cyclas. J. C. Mansel-Pleydell, 1884. J

597 A &B, Durlston Bay. "A. Cypris-shale." 'Rotten cdlca,Yeows, [ punctata.

shale, composed chiefly of C pw?jcz'azfa and a small form.
J
ventrosa.

J. C. Mansel-Pleydell, 1884. 1 legiominell

yDunJceri.

40. ..DurlertoneBay.- {^^i.
.|^„ r Durlston Bay. Cypris-beds. Rev. O. Fisher, 'F.G.^. (punctata.

2n \ British Museum " 59254 ;
" and another specimen, \ ventrosa.^ ^^'

[
"W. R. Brodie, Brit. Mus." [ Bristovii.

133. Durlston. "No. 4 bed of Austen's list." " Cypris-
"[ aetata

shales."

367. " Peveril Point. Bed no. 84 of Mr. Bristow's list in "^

Damon's new edition of the ' G-eology of Weymouth,'
|

1884, p. 201. Dark-grey shales, with band of crys- ) ventrosa.

talline limestone."
j

Horace B. Woodward '^ F.G.S., 1884.;
379. " Durlstone Bay, bed no. 84. Dark-green shales."

H. B. W. 1884
Durlston Bay. " Crocodile Bed."

W. R. Brodie. Brit. Mus

§ 2. Meivps Bay.

I punctata,

[punctata.

f

punctata,

tuherculata.

£nstovii(sma]l).

"MupesBay." Thin Cypridiferous limestone.
\ tjunctata andMuseum Practical Geology, Xsf . M

Named " Cypridea tuherculata''' and '^ valdensis in the f
^^ f^

Catal. Foss. M. P. G." 1865, p. 254. J
-^^^^^«^*-

377. " Mewps Bay, Upper Cypris-shales." Thin, blue-hearted \ . .

limestone, composed of Cyprids t. 1- ? _^ ?

Horace B. Woodward, July 1884. J

^^^^'~^^'

378. " Mewps Bav. Limestone bands in Upper Oypris- (punctata.

shales."
"

H. B.W.July 1884.1 r

* Of all the specimens presented to me by Mr. Horace B. Woodward, there are

good representatives in the Museum of Practical Geology.

t " Mewps Bay " in Catal. Rock-specimens Mus. Pract. Geol. 1862, p. 144.

I So abimdant are the Cypridge in the Purbeck formation that many strata are

wholly composed of these Microzoa. Some such beds furnish good building stone.

The Rev. O. Fisher informs me that the spire of All-Saints' Church in Dorchester was
built of the " Cypris-freestone," "No. 143 "in his list of the Swanage strata in the

Trans. Cambridge Phil. Soc, and topped with a conical block of stone from the bed

no. 134, consisting of cockle shells.
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List of Specimens &c. (continued).

Nos. of the speci-

mens in T. R. J.'s

Collection. Locality. Collector or Museum. Species.

§ 3. Bacon Hole.

^'%ecimen Xb| (Catal. Foss. M.P. G. 1865, p. 254). I fj^mfata
Bacon Hole. Thin Cypridiferous limestone

| i^qundnem.
British Museum, l^

^

§ 4. Ridgiuay.

Eridgway. With Paludina. M. P. G-. || punctata.

Cypridea punctata is notably the most abundant species in the Upper-

Purbeck Series.

II. Ostracoda from the Middle-Purhech Beds.

I. DOESET.

§ 1. Durlston Bay.

59 & 118. Near Swanage. Specimens chipped off a large block of'\

Purbeck Limestone (bearing vermiform markings and
two large pachydactylous trifid footmarks), which for-

|

merly stood in the Hall of the Geological Society's \fasciculata *.

Apartments in Somerset House, before the removal I

to Burlington House. Another such block is in Corfe-
|

Castle Museum. )

" The bed with trifid marks comes in the ' Corbula-beds ' of the

Middle Purbeck at Durlston Bay [nos. 24-29 of J. H. Austen's

section, 1852]. It is the ' Toad's-eye Limestone ' marked ' No. 68

'

in the section published in the new edition of Mr. Damon's book,

1884, p. 203. This ' Toad's-eye Limestone ' is a variable bed,

splitting up into three or four layers ; but sometimes these are not

distinct, and it then simply has ' rotten ' veins of indurated marl."

—

H. B. Woodward; Letter, 26th October, 1884.

74. " Durlston Bay. Top of the Cinder-bed." t fasciculata.

31. " Lower beds of Middle Purbeck. Cj^ris-hmestone."... fasciculata.

44. Hard, blue-hearted, thin limestone or compact Cypridi- f ventrosa, and
ferous shell-grit. " Below theEeptile Bed. \ \ var. globosa.

J. Morris, Nov. 21, 1873." [ Bristovii.

{Shale. Cypridiferal shale, largely composed of broken"!

and perfect valves. " Lower bed of Middle Purbeck." [punctata.
" Below Beckles's bed " (no. 93 of Austen's list, p.

|

Bristovii.

13, called a " dirt-bed," but really a lake-bottom). J

Durlston Bay. Thin crystalline limestone, composed of 1

Cj'prids, and showing them freely on the weathered >fascictdata.

flaking of the surface. M. P. Gr., Xsf . J

Durlston Bay. M. P. G-., Xb^. punctata.

* This name is used here for convenience, it being well known and indicating the
more pronounced and common modification of Cypridea granulosa (Sow.).

t See ' Catal. Eock-specimens, M. P. G.' 1862, p. 142.

J There are several reptiliferous beds ; if the bed worked by Mr. S. H. Beckles be
intended, it is no. 93 of the Eev. J. H. Austen's list, 1852, at the base of the Middle
Purbecks.
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List of Specimens &c. (continued).
Nos. of the speci-

mens in T. E. J.'s

Collection. Locality. Collector or Museum, Species.

(pu7ictafa.

ventrosa.

leguminella.

388* DurlstonBav. Very thin Cypridiferous Hmestone.
ipv-nctata

M.P.G.,XBt-. "^^^^"^«/f-
^

\ leguminella.

Durlston Bay. M. P. G., Xb|. 'punctata.

(fasci<yulata.

Durlston Bay. M. P. G., Xb|. { punctata.

\^ Forhesii.

"Durlston; between H and L" V^iih. Melanapsis. \ fasciciclata {rery

M.P.G.,f|.J large).

369. " Durleston Bar. Bed no. 48 *;' lias rag.'" 1 ,,
II.B.W.,1884.}^^^^"^^^^'

" Durleston Bay, Swanage, ' Tiu-tle-beds,' between Free-i
stone Quarry and Down's Vein," with Cyrena. , ,

r AnsWs no. fi.q-fi7 «,hni,t^
^ Vpaucigranulata.

(Austen's nos. 63-67, about.)

J. C. Mansel-PleydeU, 1884.J
Durlston Bay. " From the top of the Cinder-Bed." 1 /. • , ,

Eey. O. Fisher, January 1883. |
A^«^'^^^«^«-

406 &V Durleston Bay, Swanage. Aboye Cinder-bed." (pai'.cig^'anulata,

407. J
*

J. 0. Mansel-PleydeU. 1884 1
^^^ .^^^ ^^^^^

-" '
•

I specmiens.
396. / "Durleston Bay. Tnder Cinder-bed."WithC>6f/-m.(Lowerf . , ^

399,
I

part of Austen's no 71 ?) J. C. Mansel-Pleydell, 1884. ]
m'-Oigranulata.

401, \ " Durleston Bay. Below Cinder-bed." With Cyrena and
402,1 MeJanopsis"} (Austen's no. 72.

)

\ paucigranulata.
403.

1,
J. C. Mansel-Pleydell, 1884. J

"Button Bed. Purbeck L 8809. Greenough." 1^-7^
GeoLSocK^-'^^^'^^^^'^-

"Tombstone Bed. Swanwick. 8743. Greenough. In clayey"]

parting." Geol. Soc. I / ^ o

This is no. 4.5 of Bristol's List (in Damon), 1884 ; and rP^"^^^«2^«
•'

nos. 69 and 70 of Austen's List, 1852. J
" Tillywhim Hill. Fitton, 929." Limestone. Geol. Soc. fasciculata.

§ 2. MeAvjps Bay.

Mewps Bay. With Valvata. M. P. G. f|. fasciculata.

iposticalis.
DuoiJceri.

leguminella.

Forhesii.

§ 3. Worharroiu Bay.

370. " Worbarrow Bay. Marly limestone. CVw-zs abundant. 1 /• . ,,
Cherty freshwater." H. B.W., July 1884.

j-^«"^^^^^^^-

§ 4. Ridguay.
Cposticalw.

[^Forbesii.

381. "Bidg-way HUl. Coarse marly limestone with yellow 1 r „!„+„
stains." H. B. Woodward, July 1884. /

Z^^^^'^^^^^-

* Mr. Bristow's list in the new edition of Damon's ' Weymouth,' &c.
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List of Specimens &c. {continued).

Nos. of the speci-

mens in T. E. J.'s

Collection. Locality. Collector or Museum. Species.

123 a. "Eidgwaj. Chert and its dirt-bed." 1855. Yf\t]x~\valdensisf.

Chara, fishbone, &c.
\
punctata.

" Chert-bed, Eidgwaj-. O. Fisher." With Chara, and
[
Forhesii.

Tlanorbis'i Geol. Soc. J leguminella.

II. Wilts.— Yale of Wardou

38&45.
83, 84,

85.

387*.

194.

W. Cunnington, F.G.S., Sex^t. 1870.

Eey. 0. Fisher, January 1883.

Eev. O. Fisher, in the Eev. P. B.

197

Teffont.

• Teffont.

Teffont. The
Brodie's paper, Quart. Journ. Geol. Soc. vol. x. p. 476
mentions ,

Vale of Wardour. With Cyrena. M. P. G. |i.

" Dallard, Wilts. Fitton." Limestone, made up of Cy-
pridae. Geol. Soc.

"Between Hand Cross and Chicksgrove." See Fitton's

'Memoir on the Strata below the Chalk,' &c., 1837,

pp. 251, 260 Cypridse, with some casts of Cyrena,

making up the rock. Casts of Cyyence full of Cypridse.

The rock a mass of Cypridse.

Ladydown. See Fitton's ' Memoir,' &c., pp. 262, 272,
" Lady Down. Miss Benett. 9674." Geol. Soc.
" Lady Down in Tisbury. Miss Benett." With Fish-

remains (Sauropsis). Geol. Soc.
" Between Dallard and St. Catherine's Ford. Fitton."

Geol. Soc.

fasciculata.

fasciculata.

fasciculata.

fascicidaia.

])unctata.

•fasciculata.

fasciculata.

fascicidata.

fascicidata.

fasciculata.

Cypridea gramdosa {fasciculata) is particularly characteristic of

this division of the series, and Metacypris Forhesii is also peculiar

to it.

III. Ostracoda from the Loiuer-Purheclc Beds,

I. DOESET.

§ 1. Portland.

389. " Purbeck stone, Portland." Fitton, Guiol. ^oc. 'X bononiensis.

Marked as containing " C. faba" (=C. valdcnsis). Ia7isata.

A white limestone. J ptcrbec/censis.

§ 2. Durlston Bay.

366 & ]
" Durlston Bay, Isle of Purbeck. Bed No. 9 of Lower

368. f Purbeck |. Soft grey Cypris-shales." Vpurbeckensis

Horace B. Woodward, July 1884.

t This is the only instance in which I hare found Cypridea valdcnsis in the Pur-
beck beds. Some doubtful specimens, however, may be mentioned as occurring in

black shales from a pit in Archer Wood, near Battle, Sussex, and in ironstone] at

Poundsford.

\ Mr. Bristow's list in Damon's new edition,

II

Cypris purbeckensis, M. P. G. Xsf, is entered in the Catal, Fossils M. P. G. 1865,
p. 254, as belonging to the " Middle Purbeck " (of Durlston Bay?), together with Ser-
pulites and Archcsoniscits ; but this, I think, must be a mistake, for this species and the
other fossils here mentioned, for by far the most part, characteristically belong to the
Lower Purbeck, It is referred to as " 17 in O."

Q. J. G-. S. No. 163. 2 A
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List of Specimens &c. (continued).

jS'os. of the speci-

mens in T. E. J.'s

Collection. Locality. Collector or Museum. Species.

§ 3. Wo7'harroiv Bay.

371. " Worbarrow Bay. Hard slaty limestone with occasional "j

partings of sandy shale. Hard Cockle-beds." i ptcrbec^ensis.

H. B. W. July 1884. J

375. "Worbarrow Bay. Brown Cypris-fi-eestone." 1 w/r/,^^/-^7,s/^
H. B. W. July 1884.

|^^^^«c^^^s«s.

§ 4. Lulworth.

273. Mworth (CSr
In the ' Catalogue of Eock-specimens, Mus. Pract. Geol.' 1862,

p. 141, a piece of " grey slaty limestone " of tlie Lower-Piirbeck

Series, " with pale marly clay," in the " Soft Cockle-beds," and con-

taining pseudomorphous casts of salt-crystals, is described as having
its " n^Dper and under surfaces , . . . , as well as the casts of crystals

.... thickly covered with Ci/pris leguminella.'' Though these little

bodies at first sight closely resemble Darwimda leguminella, they

are really minute, subcylindrical, oolitic concretions * composing
the rock. They stand out whitish on the surfaces, more distinctly

than elsewhere, on account of weathering ; in the limestone they

have a brownish tint, and under the microscope the cementing
matrix is calcareous. Mr. Cunnington has shown me a specimen
from Chicksgrove (not far from Teffbnt), which has these oolitic

grains interstratified with a dense argillaceous limestone.

In a grey marlj' limestone from Teffont, with chert, and containing

fish-remains (in the Eev. W. E. Andrew's collections), I have seen a

thin layer of similar oolitic granules, some botelloid, but most of

them round and ovoid.

§ 5. Binystead Bay.

376. Eingstead Bay. Prom H. B. W. July 1884. This is^

a mass of small roundish granules and Cypridse,

coated more or less with calc-sinter, including also

small tubes {SerpulcB ?). This is comparable with a }
similar Purbeckian bed near Boulogne, see ' Proceed.

Geol. Assoc' vol. Tiii. p. 58, and ' Bullet. Soc. Greol.

Prance,' ser. 3, vol. viii. p. 616. ;

§ 6. Bidgway.

67. Eidgway Hill. From the Eev. O. Fisher t, Jan. 1883. jpurbecJcensis.

372. " Eidgway HiU, Upway. Middle rock. Soft Cypris- "I ^^^j,.^.^.,-.
limestone." H. B. W. July

iQ^^^jP^^bec/censts.

373. " Eidgway Hill, Upway." H. B. W. July 1884. ^rheckensis.

380. " Eidgway HiU, Upway. Dense Cypris-limestone."
\ ryurhpcJcen'il'i

H. B. W, July, 1884. |
i'^^^^^^^^^s*^-

* This is a different oolite from that of the specimen no. 384 from Eidgway, p. 327.

t See the Eev. O. Fisher's "Memoir on the Purbeck Strata," &c. Trans. Cambr.
Phil. Soc. vol. ix. 1855 ; IVos. 1 and 2 of the Eidgway List. Given also in Damon's
' Geology of Weymouth,' &c. 1860, p. 111.
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List of Specimens &c. (continued).

Nos. of the speci-

mens in T. R. J.'s

Collection. Locality. Collector or Museum. Species.

384. " Upway, Dorset." Marly limestone with shell-grit 1

and coarse oolite. H. B. W. 1885. J

II. Wiltshire.

§ 1. Vale of Wardour.
TefFont. In the Quart. Journ. Geol. Soc. vol. x. p. 477,

1

the Rev. 0. Fisher ^ refers to the local species from l picrheckensis.

230.

the Lower Purbeck of Teffont.

Teffont. Specimen in Mr. W. Cunnington's Collection,

named by Prof. E. Forbes.t

Vale of Wardour. Silicified wood with very fine speci-

mens of

purbeckensis.

75-82. Vale of Wardour.

365. Lowest Purbeck Bed
J,

lying on the Portland Limestone
at Oakley (Wockley) Quarry near Tisbury, in the

Vale of Wardour. A block of this is preserved in the

Museum of Practical Geology, Jermyn Street. It

has been described by H. W. Bristow, in the
* Catalogue of the Rock-specimens in the M. P. G.'

3rd edit. 1862, p. 139 ; and it has been referred to by
Prof. J. F. Blake in the Quart. Journ. Geol. Soc.

vol. xxxvi. 1880, pp. 190, 200 ; by Sir A. C. Ramsay,
ibid. p. 236, and by W. H. Hudleston, in the Proc.

Geol. Assoc, vol. vii. 1881, p. 174.

pure

(piorbecJcensis.

\ bononiensis.

\^ ansata.

ansata.

* I have also received from him (Jan. 1883) C. purbecJcensis collected at Teffont by
the Rev. W. R. Andrews.

t Extract from a paper on ' The Geology of the Vale of Wardour,' by Mr. W.
Cunnington, F.G.S., read at the Blackmore Museum, Salisbury. (In a letter from Mr.
Cunnington, February 1885.) "According to Prof, E. Forbes Cypris tuberculata is

found only in the Upper Purbecks, Cypris fasciculata in the Middle, and Cypris

piirbecJcensis in the Lower It appears that the Upper Purbecks are altogether

wanting in the Vale of Wardour
" In the year 1851 I had the pleasure of accompanying Prof. E. Forbes and other

geological friends in a tour through the Vale of Wardour. Passing down a lane

between Teffont and Tisbmy, I broke off from the rock at the side of the road, a small

piece of stone full of Cyprides ; and, showing it to him, he said, ' This is Cypris fas-

ciculata ; within a few yards lower down you ought to find Cypris purbecTcensis

;

' and,

as he predicted, within the space mentioned, I found the very species. The specimens
are now on the table As this was Mr. Forbes's first visit to the spot, the incident

affords a striking proof of his geological knowledge."

\ Possibly the estuarine Portlandian (succeeding the marine Portlandian), or the

'•'precursor of the Purbecks," Hudleston, Proc. Geol. Assoc, loc. cit. See also Prof.

.Judd's remarks on the passage from the Portland into the Purbeck, Quart. Journ.
Geol. Soc. vol. xxviii. 1871, p. 223, and Mr. Godwin-Austen's Section at Swindon,
Quart. Journ. Geol. Soc. vol. vi, 1850, pp. 464-467, also Prof. Blake's, ibid. vol. xxxvi.

The geology of the Vale of Wardour has been treated of by Dr. W. Fitton in his

memoir " On the Strata below the Chalk," &c. Trans. Geol. Soc. ser. 2, vol. iv. 1836,
and the Purbeck beds of the district are especially mentioned, thus :—Dallard's Farm,
pp. 250, 260; Dashlet, pp. 250, 260; Chicksgrove, pp. 251, 260; Wockley, p. 252;
Teffont, pp. 259, 260 ; Lady Down, pp. 262, 272. See also the Rev. P. B. Brodie's

papers, Proc. Geol. Soc. vol. iii. 1839, 1842, pp. 134, 780; Quart. Journ. Geol. Soc.

vol. X. 1854, pp. 475, 482; and especially the Rev. W. R. Andrews's memoir, Quart.
Journ. Geol. Soc. vol. xxxvii. 1881, pp. 248-253, and Mr. W. H. Hudleston's in Proc,
Geol. Assoc, vol. vii. 1881, pp. 161, &c.

2a2
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List of Specimens &g. (continued).

Nos. of the speci-

mens in T. E. J.'s

Collection. Locality. Collector or Museum. Species.

" Cliicksgrove or Wockley. Bottom of the Cap." With J piirbecJcensis.

Fish-remains.
'

Geol. 8oc.\ ansata.

§ 2. Sivindon.

364. Swindon. Collected by the Eev. Prof. J. F. Blake*. {^XSo.
III. BiJCKINGHAMSHIEE.

§ 1. Whitchurch, &c.

"363. South Oving Bucks
, (I^ST-

J. F. Blake (Quart. JomTi. Greol. Soc. xxxn. p. 215).
| „.ronta

234. " Quainton. Western pit. Peudle." t Fitton, May \ -, . .

18, 1834, vol. 15, p. 122" (notebook?). See Fitton's I
'^^'^'^'>Y

memoir, p. 290.
J

^^^"^ ^'

235. Quainton. Pendle. with '' Mytilus, Cyclas parva, andl ,

Cyprisr
'

Fitton. )
'^^^^^''•

nqo -, (purhecTcensis.

ooQ \ "Whitchurch." " Pendle." Fitton. " May, 1834, vol. 15." \ hononiensis.
^^^'i

"

[ansata.

226. "Whitchurch." '=224." Fitton's memoir, p. 289. ansata.

227. Whitchurch? "1527-1053." "C.faba:' Fitton. purheckensis.

"Whitchurch. 1520. Fitton." Shell-grit with ] ^'^'^f '"f"^'*-.

Cj-prids called C. faha. Geo! Soc.
j-J^^ffe

''"

{purbecJcensis.

hononiensis.

ansata.

"Peudle. Whitchurch. Fitton." ^^ol. Soc.
j^^^J*^^"^^"^^^'

" Pendle. Whitchurch." With vertebrge of fish, an ^

oblong bivalve, and an impression of a leaf (?). ) ansata.

Geol. Soc.;

Stewkley^
f

•

^-
f • ?«*• ^-^-1-

^,f
• ^§65, p. 253. j^^^-^^^^^

See also iittons memoir, p. 291.
'

[ ansata.

In an interesting section of Purbeek and Portland strata J at the

farm caUed the Warren, 1;^ mile south of Stewkley Church, which
I liad the pleasure of examining mth Prof. A. H. Green in 1862, I

noticed a Cypridiferous shale above the true Portland beds, and
below a bed with Trigonia. Unfortunately I have mislaid the

specimens then collected.

§ 2. HartweXl., near Aylesbury ||. The Pit near the Bugle Inn.

172, 176, 178, 179, 184, 189, 191a. Soft limestones, marls, and clay. purhecTcensis.

179, 180, 191a. Soft limestone, marls, and clays hononiensis.

179, 189, 191a. Soft limestones, marls, and clays ansata.

173. Dense green clay rugulata.

180. Crumbly clay retirugata.

* See Quart. Journ. Geol. Soc. vol. xxxvi. pp. 203-207. See also C. Moore's remarks
|

on the section and fossils of Purbeek beds at Swindon, Proc. Geol. Assoc, vol. iv.

1879, p. 543, &c. ; and further on, p. 330.

. t The " pendle," a PurbecMan bed, found in both Bucks and Wilts, consists of a

white, grey, or creamy limestone, somewhat argillaceous, generally fissile above and
sohd below, and contains at Whitchurch rounded whitish particles. It has been found
to contain, at places, " Cyprides," ModiolcB, Paludina, Cyclas parva, Planorhis?, and
Potamides carinatics. J See also Fitton's Slemoir, p. 291.

tj

The particulars of the sections of this and the following quarries having been

partly mislaid, their more perfect exposition is delayed for some future opportunity.
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Nos. of the speci-

mens in T. R, J.'s

Collection.

List of Specimeus &c. {continued).

§3. HartweU.-

Locality.

-Barnard's Pit (or

162, 166.

162, 166,

166.

Shaly beds.

Collector or Museum. Species.

pit at Barnetfs Close ") *.

purbeckensis.

ansata.

rctirugata (var.

textUis, PI. ix.

f. 2-1).

§ 4. Hartwell.—BisJiojrjstone Pit (on the road between Bishopstone

and Stone). Pitton's Memoir, pp. 287, 297 ("Horton's pits" and
" Dr. Lee's pit," at p. 297). This is the same as pit " no. 200 " on

the plan of the late Dr. Lee's property at Hartwell.

fBlue clay, with fish-scales (Pleuropholis). Fitton's"!

238, 241, I Memoir, p. 287. Marked " 200 " on Fitton's label.

245. 1 See also Brodie's section of this quarry (near Stone),

L Proc. Qeol. Soc. vol. iii. 1842, p. 781.

§ 5. Hartwell (otherpits).

Near Aylesbury ; with Mytilus. M. P. Gr. V

258. Grrey clay on the Pendle.

247, 255,

200, 261,

350?, &
L 165,

British

The Pendle.

Museum. )

269.

256.

253. " Last Portland bed.

353,

361,

350,

355.

360.

354.

357.

Soft limestones and clay (361)

pitrbeckensis.

bononiensis.

j bo7ionie?isi'^:

\ ansata.
' bononiensis.

< ansata. [f. 20).

[ Tugidiita (PL ix.

-purbeckensis ?

bononiensis.

ansata.

r rugulata (PL ix.

\ ansata. [f. 19).

{ruqulata (PL ix.

f. 17 & 18).

bononiensis ?

ansata ?

( bo7ioniensis.

ansata.{i.2l-2^),

retiri(gata{'F\.i\.

I

with an Ecbino-

l^ derm spine.

{purbeckensis.

bononiensis.

ansata.

r bononiensis.

\ ansata.

Soft friable limestone. \
Grey clay J

Friable shale. " Trigonia ; next to Portland." bononiensis, rugulata.

In the Lower-Piirbeck series the characteristic Ostracods are :

—

Cypris purbecJcensis^

Gandona bononiensis,

Candona ansata,

as will be seen by reference to the foregoing local lists for "Wilts,

Dorset, and Buckinghamshire. At Swindon, however, Prof. J, P.

Blake found a "Purbeck" stratum which has yielded two new

* ' London University Magazine,' June 1856, p. 103.
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species of CytJiere, C. transiens and C. retirugata. Of these, the

latter occurs in the lowest Purbeck beds in two of the stone-pits at

Hartwell, near Aylesbury, namely the " Bugle pit " and *' Barnard's

pit.'' A variety, or the male form {rugulatci), of C. retirugata,

occurs both in the last-mentioned quarry and in similar low Purbeck
(if not really estuarine Portland) beds in other pits near by.

The mingling of what seem to be freshwater with marine species

in these lowest strata is a subject of much interest, and will require

further attention and close study of the succession of strata. C.

transiens has been found also in white, soft, Portland Stone, from
Brill in Bucks.

rV. Purheck Beds near Mountfield and Poundsford, Sussex.

The overlying Cypridiferous shales near Mountfield contain

Cypridea valdensis, Dariuimda leguminella, and Cypridea Austeni (?),

and belong to the Wealden series ; but the limestones that have
been brought up from the old pits at Limekiln Wood, near by,

contain Purbeck species, thus :

—

63. Light-coloured limestone
[gramdosa Sow

25, 286, 312, 346. Solid bluish limestone, apparently composed of
Cjprid.ee, and showing them as casts and moulds on the
weathered surfaces punctata ?

307. Blue shale, with a thin layer of the small boteUoid oolite

which is seen in. Purbeck specimens from Teffont, &c In the ghale,^

Dunkeri?
Oyster-bed. Ostracods, chiefly casts, weathered out free... Cythere? Sec.

In ironstone at Poundsford we find Cypridea valdensis (?), Dar-
winula leguminella, and insect-remains.

Piirhecl' hedsfrom the Suh-Wealden Boring at NetTierfield.

390, 411, 412. Dark grey impure limestones, at 85 feet and 96 \punctata,

feet depth J with Chara.

Y. The late Mr. Charles Moore's Specimens from the Purheck

Beds at Sivindon, Wilts.

Li the ' Proceed. Geol. Assoc' vol. iv. 1876, pp. 544-546, there

is an account of the late Mr. Charles Moore's discovery of many
fossils in the Purbeck beds in the Great Quarry at Swindon ; and
among the fossils mention is made of four or five species of Cypris.

The Eev. H. H. Winwood, P.G.S., has been so good as to look

for these fossils in the Bath Museum ; and from among C. Moore's

Upper-Oolite collection he has sent me six little glass tubes con-

taining Ostracodal valves. On examination, these prove to be similar

to other Purbeck species. Thus :

—

Tube 59. Cypridea punctata, ordinary ; and C. JDimheri, with

very strong beak and notch. C. Dunheri is much more
numerous than the other. About 90 altogether.

Tube 60. Gythere retirugata and its var. rucjulata ; ordinary ; about

60.
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Tube 61. Cythere retirugata and its var. rugulata, ordinary ; and
one Cypris purhecJcensis : 20 specimens altogether. In both

60 and 61 rugulata is more common than the other.

Tube 62. Cypridea punctata ; very large. jS"umerous ; about 80.

Tube ^2*. Candona hononiensis and C. ansata (both ordinary), 15

;

and Cypridea punctata (ordinary), only one.

Tube 65. Cypridea punctata^ ordinary ; and C. Dunkeri^ like that

of tube 59, more numerous than C. punctata ; about 250 of

the two together.

Certain strata at Swindon containing '^ Cyprid.es " are described,

loc. cit., as freshwater marls and limestones, 10 feet thick, with depres-

sions (" pipe-like veins ") in them, containing material derived from
the Lower Greensand. Further, they are referred to as chalky

limestones, in which are one or two darkish bands of earthy, car-

bonaceous marls and loose grits, containing mixed marine and fresh-

water forms. C. Moore also remarked that " the chalky limestones

or marls contain few remains of recognizable character "; but, to-

gether with several smaller derived fossils, he got four or five species

of Cypris " from the black bands," or " earthy carbonaceous marls

and loose grits " (the '^ black carbonaceous friable loam,'' Hudleston,

op. cit. p. 548). The specimens in the tubes above referred to are

(from both internal and collateral evidence) believed to be Mr. C.

Moore's Swindon specimens.

These deposits t were referred to the Middle Purbeck, with some
doubt, by Mr. C. Moore ; and he suggested that Purbeck beds of

older date may have been cut into, disturbed, and mixed up with

them. Prof. Morris gave his opinion (p. 547) that these beds
" might be the equivalents of the entire thickness " of the Purbeck
series (300 feet at Durlston Eay).

Either of these suggestions will account for the occurrence of the

Lower-Purbeck species :

—

retirugata., rugidata, hono7iiensis, ansata.

and purhechensis in company with DunTceri and punctata. Had
fasciculata turned up also, we should have had a fairly representative

and complete group.

§ Y. Conclusion.

In conclusion there are fourteen species of Ostracoda in E. Eorbes's

three divisions of the Purbeck series of deposits. Five of them
occur only in the Lower Purbeck. Of the others, six occur in both

the Middle and the Upper. Of the fourteen, five go up into the

Wealden, from the Middle and Upper divisions only. See the fol-

lowing Table (p. 332). Cyprideapunctata for the Upper, C. granulosa

(
fascicidata) for the Middle, and Cypris purheckensis for the Lower
Purbeck, are especially characteristic.

t At p. 548, op. cit., Mr. Hudleston notes that this " black carbonaceous

friable loam " becomes further on a bed of Cerithium portlandicum in " dark
friable marly grit," and " that above this bed the regular Portland Limestone
comes on again," " Purbeck " and " Portland " conditions inosculating at this

spot. Prof. Blake's interpretation of the section is different.
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§ VII. Appendix.

1. The Ostracoda of the Wealden Formation.
Dorset.
Upper Weald. Swanage Bay (' Cypridea valdensis 1 separate in some beds,

(Punfield Cove) j Cythere Fittoni
J

together in others.

[ Cypridea spinigera, only in one bed and alone.

Isle of Wight.

Upper Weald. Grange Chine, W. of Compton... \
^^

^Bmikcri

f valdensis.

Upper Weald. Compton Bay ^ Cythere Fittoni.

I
Cypridea spinigera.

(
valdensis.

(Upper ?) Weald . West of Brook Point
-i
Cythere Fittoni.

[ Cypridea Dunkeri.
valdensis.

Cythere Fittoni.

Cypridea Dunkeri.

(Upper ?) Weald. Shepherd's Chine valdensis.

(Upper ?) Weald. Cowleaze Chine valdensis.

( valdensis.

I

Cythere Fittoni.

Upper Weald. Atherfield { Cypridea sphiigera.

I

Dunkeri.

\ Darwinula legtominella.

( Cypridea valdensis.

I

spinigera.

Upper Weald. Sandown Bay { Dunkeri.

I

Cythere Fittoni.

\ Darwinula leguminella.

Sussex.

Weald Clay. Pulboro.gh (railway) { ^S'^S:*'
Weald Clay ? PalHngham, W. Sussex Fittoni.

Weald Clay. Petworth (Sussex marble) Cypridea valdensis.

Tun bridge-
J
Northland shale - pit, near I T^*!

exists.

Wells Sand. 1 Chripp's farm and Cuckfield. . . 1 ^H aculmta'
Tunbi'idge- 1 Between Ansty Gate and Slough f valdensis.

Wells sand or I Green, N.W. of Cuckfield ; < tubercidata.

clay in it. J from a well [ Darwimda legicminella.

Grinstead Clay. { ^"^w^y^""^'^'
^^^^^-^^'^""^

}
Cypridea valdensis.

Shale in j

"
| valdensis.

Tunbridge-Wells Lindfield, N.E. of Cuckfield
Cythere mZi.

^^'"

'

J [_ Cyprione Bristovii.

Grinstead Clay, patch of, let down and preserved
[
Cypridea valdensis.

by a fault, in the Eailway-cutting near Brook \ tuberculata.

Farm, south of East Grinstead
i

h ispinosa.

Tunbridge- "l Balcombe Quarry ; with Torna- J valdensis.

Wells Sand. j tella Popei
|_

tubercidata.

WeHnd. }^'=''fi''l'i 'I-'"''}"-''-

Wadhurst Clay.
{^^^SSlri^s^Ltn }

^^^"'^^ -^'^«--

WadhurstClay. 2J mile. W. of BexhiU
{ ^^^ SJS..
I valdensis.

Wadhurst Clay? Bopeep, St. Leonard's <, Dunkeri.

[ tuberculata.
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Wadhurst Clay. St. Leonard's, Hastings
f Cypridea valdensis.

Wadhurst Clay ?

Wadhurst Clay ?

Wadhurst Clay?

Wadhurst Clay?

(
I

I

Wadhurst Clay. \

Crowhurst Eoad, Hastings . .

.

Hollington, near Hastings . .

.

SilTer-Hill Eoad, Hastings
(Equisetum shales )

Tivoli, Hastings

BunJceri.

tuherculata.

valdensis.

DunJceri ?

valdensis.

r valdensis.

\ Cythere Fittoni.

y Darwinula legiominella.

. . . CypHdea valdensis.

( valdensis.

uarry near the Black Horse i ^^^^''i ^''^^'r"'-

Inn, Telham Hill, near Has--
tiugs

Wadhurst Clay. Ecclesbourne Glen, Hastings ...

Ashdown Sand.
{^BMel'dK.!!"^!.!!^:.'*;* ^i

Cypridea tuherculata ?

]
BunJceri.

I

hispinosa.

\^
Cyprione Bristovii.

f Cythere Fittoni.

\ Cypridea tuherculata.

< Barwinula leguminella.

y Cypridea Austeni?

( Cypridea valdensis.

I

spinigera ?

{ • gyripunctata, MS»
I

Cythere Fittoni.

y Barwinula leguminella,

r Near Maidstone ; railroad at Great f Cypridea valdensis.

\ Buckland ; and Wateringbury \ Cythere Fittoni.

/ Great Chart, South - Eastern T Cypridea valdensis.

\ Eailway \ Cythere Fittoni.

Hythe

Ashdown Sands ? Mountfield (shales).

Kent.

Weald Clay. Sevenoaks Tunnel .

Weald Clay.

Weald Clay.

Weald Clay.

Weald Clay.

Weald Clay.

Tunbridge-
Wells Sand ?

Tunbridge-
WeUsSand?

(Upper?) Tun-
bridge-Wells

Sand.

Surrey.
Weald Clay.

Weald Clay.

Weald Clay.

Weald Clay.

Weald Clay.

Cypridea valdensis.

Cythere Fittoni.

Cypridea valdensis.

" Adlington " (probably Aldington'

Bethersden

r valdensis.

\ Cythere Fittoni.

[ Barwinula leguminella.

j-Tunbridge Cyprione Bristovii.

1 Tunbridge-Wells ; with Torna- "1 ^ .7 yj

} tella Popei }
Cyjpndea valdensis.

( valdensis.

I

Cythere Fittoni.

) Langton Green \ Cypridea tuherculata.

I I

hispinosa ?

) \ Barwinula leguminella.

Peasemarsh, near Guildford Cypridea Austeni.

Hademere (railroad) {^jflXL'?

{^"tlL^S'oTLeXliu '."!!!' } '^^i'"*"-«~
Dorking Tunnel valdensis.

Earlswood Common spinigera.
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2. Synoptical List of the Ostracoda of the Purheclc and Wealden
Formations in England, showing their Stages and Recun^ence.

(Successively numbered, 1—20, upwards from those of the Lower
Purheclc.)

Wealden Species (11 species, 5 of which come up from the

Purbeck, Upper and Middle).

14. Cypridea valdensis (Fitton). Yeiy rare in Mid-Purbeck, but

very abundant here.

13. DunheH, nov. 1 Eecurrent from the Purbeck

10. tuhercidata (Sowerby). J beds.

20. spimgera (Sow.).

19. hispinosa, Jones.

18. dorsispinata, nov. MS.
17. gyripunctata, nov. MS.
16. aculeata, nov. (part of verrucosa, Jones).

15. Cythere Fittoni (Mantell). Common.
8. Cyprione Bristovii, nov. ) Recurrent from the Pur-

7. Dariuinula leguminella (Porbes). j beck beds.

Upper-Pijrbeck Species (6 species, all of which recur from the

Middle Purbeck ; 4 go on to the Wealden).

12. Cypridea punctata (Porbes). Very abundant.
12**.

, var. gihbosa (Porbes).

12*.
, var. posticalis, nov.

13. Dunkeri, nov.

11. ventrosa, nov.

10*. tubercidata (Sow.), var. adjuncta, nov.

8. Cyprione Bristovii, nov.

7. Darwimda leguminella (Porbes).

Middle- Ptjrbece: Species (9 species, 2 of which are peculiar to this

Division; but 6 recur in the Upper Purbeck, and 5 in the

Wealden).

14. Cypridea valdensis (Pitton). Yery rare in the Purbeck, but

common in the Wealden beds.

13. Bunkeri, nov.

-,o jj/T?-u\ f
More abundant in the

12. punctata (Forbes)
| ^pp^^ p^^^^^^_

12*. , var. posticalis, nov.
12**.

, var. gihbosa (Porbes).

11. ventrosa, nov.

11*
, var. globosa, nov.

10. tuhercidata (Sow.).

9. granulosa (Sow.), YSiT.fasciculata)YeTy abundant, and
(Porbes). I peculiar to the Mid-

9*.
, var. paucigranulata, nov.

J
Purbeck.

8. Cyprione Bristovii, nov.

7. Darwinula leguminella (Porbes).
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6. Metacypris Forhesii, nov. 1 Eare, and peculiar to the
6*.

, var. verrucosa, nov.
J Mid-Purbeck.

LowEE-PiTEBECK Species (5 species, all peculiar to this Division).

5. Oypris ]jurheckensis, Forbes. Most abundant.
4. Candona hononiensis, Jones. 1 Often common with C. pur-
3. ansata, nov.

J
becJcensis.

2. Cythere transiens, nov.

1. retirugata, nov.

1*.
, var. rugulata, nov.

1«*^ ^ yar^ textilis, nov.

Marine forms : rare.

§ YIII. Desceiption- or the Species.

I. Genus Cypeibea, Bosquet, 1852.

Cypris, Auctorum,
Cypridea, Bosquet, 1852, Mem. couron. Acad. Eoy. Belg. vol.

sxiv. P. 47 of the Memoir, " Description Entom. foss. Terrains tert.

Prance et Belg."

Cypridea (subgenus of Cypris). Jones in Morris's Catal. Brit.

Poss. 1854, p. 104.

Cypridea (? subgenus of Cypris), Jones, Monogr. Brit. Tert.

Entom. 1856, pp. 9, 10.

Cypridea, Jones, Monogr. Poss. Esth. 1862, p. 106, & Appendix,

p. 127.
^

Cypridea, Huxley & Etheridge, Catal. Coll. Possils Mus. Pract.

Geol. 1865, p. 254.

Cypridea, H. "Woodward, CataK Brit. Poss. Crustac. 1877, p. 88.

Cypridea, Jones, Geol. Mag. dec. 2, vol. v. 1878, pp. 107 &c

Carapace-valves subtriangular, obovate, or ovate-oblong ; convex
in the middle ; broad (high) at the anterior third ; narrower
behind ; one or both ends obliquely rounded ; somewhat compressed

anteriorly ; notched at the antero-ventral angle, behind a small

beak-like process ; sometimes having only a slight indentation below
and behind a thickening of the antero-ventral angle; sometimes

this is traceable only by a curvature of the edge inside. Edge-view
more or less narrow-ovate. End-view subovate. Surface punctate

;

sometimes almost smooth ; often tuberculate ; tubercles small or

large, variously disposed. The hinge-margin is definitely straight

along the middle third or more of the dorsal edge, with the hinge-

angles more or less defined, and is oblique to the main axis of the

valve. The left valve is the largest, and receives the dorsal edge

and a straight ridge of the other valve in grooves on its dorsal and
ventral contact-margins, the outer edge of the ventral margin of

the left valve overlapping that of the light valve. The ridges and

furrows or ledges of contact vary in intensity in difl'erent individuals.

1. Ctpeidea vau)ensis (Pitton). [Not figured here.]

Cypris fata. Sow. (not Desmarest). Annals of Philos. vol. viii.

1824, p. 376; Min. Conch. 1824, tab. 485, pp. 136-8.
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Cypns vcddensis, Fitton, Trans. Geol. See. 2 ser. vol. iv, 1836,

p. 177 (not pi. 21. fig. 1).

Cypris vcddensis, Eomer,Yerst. norddeutsch. Oolithengebirg. 1839,

p. 52, pi. 20. fig. 20 {G. punctata, Forbes).

Cypris valdensis, Dimker, Monogr. nordd. Wealdenbild. 1846,

p. 59, pi. 13. fig. 29 (copied from Sowerby's figure ?).

Cypridea valdensis, Jones in Morris's Catal. Brit. Foss. 2nd edit,

1854, p. 104.

Cypridea valdensis, Huxley & Etheridge, Catal. Foss. Mus. Pract.

Geol. 1865, p. 254, 270.

Cypridea valdensis, H. Woodward, Catal. Brit. Foss. Crust. 1877,

p. 89.

Cijpridea valdensis, Jones, Geol, Mag. 1878, p. 109, pi. 3. fig. 11

(not fig. 13-15).

Largest specimen 1^ mm. long (Wealden). Largest Purbeck

specimen IJ mm.
J. De C. Sowerby's original figure and description in tbe • Mineral

Concbology ' give very satisfactorily the shape and main characters

of this species, although it often attains somewhat more bulky

proportions. As noticed by Sowerby and Fitton, it is very plentiful

in many of the true Wealden strata. They thought that they

found it also in several of the Purbeck beds ; but in this they

were certainly mistaken, for Fitton's labels (in the Geol. Soc.

Museum) show that he mistook C. purheckensis and C. punctata for

it. In one of the Purbeck beds, however, there are some few speci-

mens, large, smooth, and elegantly shaped, quite difierent from the

thicker and coarser G. punctata, which has often been mistaken for

it. The stratum referred to is the Chert Bed of the Middle Purbeck,

Eidgway, in which occur

—

Cypridea valdensis. Metacypris Forbesii.

punctata (rare). Chara, seed-vessel.

Darwiaiila leguminella. Fishbone, &c.

There are also some doubtful instances of its occurrence in the

deep " Purbecks " of Mid-Sussex.

2. Cypridea punctata (E. Forbes).

[Only the insides of valves are figured in PI. VIII. figs. 4 & 5
;

the outsides resemble figs. 1-3, 6, 8 in shape, without their varietal

and distinctive features.]

Cypris punctata, Forbes, MS. July 23, 1854.

Cypris punctata, Forbes in LyeU's Manual of Elementary

Geology, 5th edit. 1855, p. 297,' fig. 339 6; id. Elements of

Geology, 6th edit. 1865, p. 387, fig. 375 h.

Cypridea valdensis, Jones, Monogr. Fossil Esth. 1862, p. 127,

pi. 5. figs. 26-30.

Cypridea 2nmctata, Huxley & Etheridge, Catal. CoU. Foss. Mus.
P. Geol. 1865, p. 254.

Cypridea punctata, H. Woodward, Catal. Brit. Foss. Crust. 1877,

p. 89.
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Cyprida valdensis, Jones, Geol. Mag. 1878, p. 110, pi. 3.

figs. 13-15.

Length | mm., and 1 mm.
Yalves subtriangnlarly obovate, nearly obovate, or subpyriform,

varying in the protuberance of the anterior hinge-joint. Both the

front and the hind margin are obliquely rounded ; but the latter is

more contracted than the former. Convex medially; edge-view
narrow-oval. Surface punctate

;
punctatlons subcircular, easily

seen mth a lens (see also E. Porbes's letter to Mr. Bristow, above,

p. 314). The outer edge of the ventral margin of the left valve

overlaps that of the right valve.

Notch and beak distinct, and often strong, but varying in inten-

sity.

This species is broader (higher) and coarser than the typical

Cypridea valdensis (Fitton), figured by J. De C. Sowerby in the
' Mineral Conchology,' pi. 485 (December 1824*), described there

at pp. 136-138, and referred, with doubt, to C'^/^^m/a^a, Desmarest.

The small (young) forms accompanying adult specimens of C. punc-
tata (no. 159) very much resemble C. valdensis.

It is quite probable that some of the coarser valves referred to C.

valdensis by authors are really C . punctata., such as figs. 13, 14, 15,

pi. iii. Geol. Mag. dec. 2. vol. v. from the Subwealden Boring in

2*. Ctpeidea ptj]s^ctata (Forbes). Var. posticalis, nov. (PI. YIII.

figs. 1-3, 6, 8.)

Length generally 1mm. Pig. 8 represents a specimen g mm.
long.

Although C. punctata often has a neat acute-oval edge-view, yet

very many individuals have the posterior extremity of each valve

thickened with a more or less pronounced marginal lump, thick and

round, low and broad, or narrow and faint, giving a blunt end to

the edge-view (fig. 3). The close-set subangular or subcircular

punctatlons are usually strongly marked.

^**. Cypeedea punctata (Forbes). Yar. giebosa (Forbes). (PI. YIII.

fig. 7.)

Oypris gihbosa, Forbes, MS. July 18, 1851.

Cypris gibbosa, Forbes in Lyell's Manual Elem. Geol. 5th edit.

1855, p. 294, fig. 334 a; id. Elem. Geol. 6th edit. 1865, p. 378,

fig. 368 a.

Cypridea gibbosa, H. Woodward, Catal. Brit. Foss. Crust. 1877,

p. 88:

Length J mm.
Here the middle of the valve is locally swoUen ; this is a variable

feature, not strong in fig. 7. See Forbes's letter, above, p. 314.

The specimen here figured is nearly obovate in outline, and has a

slightly thickened posterior edge (as in the foregoing yar.posticalis).

* See " Dates de la publication des Especes," &c., par M. E. Eenevier,
' Bullet. Soc. Yaudoise Scienc. Nat.' 2 Mai, 1855.
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In specimen XbJ Mus. Pract. Geol., the central swelling is well

marked, without any posterior thickening of the valve.

3. Cypridea Dunkeri, sp. nov. (PL YIII. figs. 9, 10, and 17.)

Cypridea granulosa, Eomer (non Sowerby), Yerst. nordd. Ool.-

Geb. 1839, p. b2, pi. 20. fig. 24.

Cyjpris granulosa^ Dunker (non Sowerby), Monogr. nordd.

Wealdenbild. 1846, p. 60, pi. 13. figs. 31 a, h.

Cypiis granulosa^ Porbes (non Sowerby), MS. July 18, 1851.

Cypris grcmulata, Porbes, MS. July 23, 1854.

Ct/pris granulata, Porbes, in LyeU's Elem. Man. Geol. 5th edit.

1855, p. 295, fig. 337 c; Elem. Geol. 6th edit. 1865, p. 378,

fig. 371 c.

Cypridea granidosa, H. Woodward (non Sow.), Cat. Brit. Foss,

Crust. 1877, p. 88.

Length | mm.
This has the obovate form and general features of C. punctata,

but it possesses granules or small tubercles scattered irregularly

over the surface. This is shown in Porbes's letter of July 18, 1851,

but too roughly. In our figured specimens the tubercles vary in

size, being feeble in the neat, small, nearly symmetrical figs. 9, 10,

and strong in the larger and coarser fig. 17. In one individual

(fig. 10) the punctation consists of small and rather oblong pits on
the anterior third of the valve, with an obscurely radiate arrange-

ment. Taking both Purbeck and Wealden specimens of this species

in view together, we find much variation in convexity and in

tubercles ; occasionally some of these are sharp (near Brook Point).

This subovate, or rather obovate, form has been confused vnth
the suboblong Cypridea granidosa (Sow.). The latter is distin-

guished by its larger size, more oblong shape, and the tendency of

its granules to leave the middle of the valve bare. This is plentiful

in the Middle Purbeck, whilst the obovate form, with granules

distributed over the whole surface, is rare in the Purbecks * ; and
this agrees with E. Porbes's note to Mr. Bristow (see above, p. 314).

In consequence of the confusion of names, I now dedicate this

species to the memory of my late friend Dr. W. Dunker, of Marburg,

by whom it was figured and described much more clearly and
perfectly than by his predecessor P. A. Romer.

Cypridea DunJceri is rare in the Upper and Middle Purbeck, but

of rather more frequent occurrence (though rarely common) in the

Wealden beds. It is met with in the Upper Purbeck at Mewps
Bay (specimen Xb|-, M.P.G.), and at Durlston Bay, specimen

no. 40. In the Middle Purbeck it occurs at Ridgway (Xb-4-,

M.P.G.); also in a specimen, given to me by the Rev. O.Pisher, and
probably from Mewps Bay, there associated with Gytlieridea punc-
tata, var. posticalis, Metacypris Forhesii, and Darivimda leguminella.

The synonyms indicate that it also belongs to the black Cypri-

diferous shales of North Germany (see also above, p. 319).

* Except at Swindon, see p. 330.
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4. Cypbidea tenteosa, sp. noY. (PL YIII. figs. 25, 26.) And var.

GLOBOSA.

Length 1 mm.
Yalves thick and broad (high) : obovate. with one edge (ventral),

notched and less convex than the other ; broadest (highest) at the

anterior third ; back elliptically rounded, with some protuberance

at the anterior hinge, and a steep antero-dorsal slope. The ventral

region has its border slightly curved, oblique, fuller in front, and

broadly notched; and it is turned in suddenly so much as to

form a broad flat base, on which the carapace can stand upright.

The surface bears some irregularly placed coarse tubercles and

ridges, the latter being on the ventral region, and having a direction

in general parallel or conformable with the ventral and anterior

borders. The beak comprises the anterior curved ridge much more
definitely than shown in fig. 26. Edge-view subovate.

C. ventrosa has a near ally in C. verrucosa, var. crassa, Jones

(Geol. Mag. 1878, p. 108, pi. 3. fig. 4), which should (I think) now
be regarded as a distinct species (C. verrucosa ; see page 320).

In specimen 44 the typical C. ventrosa is accompanied by a

variety (glohosa) which is quite smooth, and in some cases almost

loses its ventral lateral projection, though retaining a strong

gibbosity. The flat ventral base in C. ventrosa reminds me of a

somewhat similar, but more regularly constructed feature in Noto-

dromas, Lilljeborg {^Cyprois, Zenker, and Newnliamia, King).

G. ventrosa is found in the Middle Purbeck, together with its var.

gJohosa ; and it occurs also in the Upper Purbeck : at Eurlston

Bay in both cases.

5 & 5*. Opeidea GEAisrLosA (Sow.) ; and var. eascicitlata (Forbes)

;

and var. paucigeaxulata, nov. (PI. YIII. figs. 18-21.)

Cypris granulosa. Sow. 1836, Trans. Geol. Soc. ser. 2, vol. iv,

pp. 177 (?), 260, 345, pi. 21. fig. 4,

Cypris granulosus, Mantell, "Wonders of Geolog}% 1838, vol. i.

p. 344, tab. 46. fig. 9 (fig. 7 is a bad copy of a part of Fitton's

fig. 1, and fig. 9 of part of Fitton's fig. 4). Cypris granulosa,

Mantell, Wonders, 3rd edit. p. 77, fig. 9, and 6th edit. 1848,

vol. i. p. 405, lign. 98, fig. 3 (as fig. 9 above).

Cypris granulosa, Mantell. Wonders, 7th edit. (T. E. Jones),

1857, vol. i. p. 419, lign. 104, fig. 2.

Cypris granulosa, ManteU, Medals of Creatiou, 1844, vol. ii.

p. 545, lign. 119, fig. 4 ; and 2nd edit. 1854, vol. ii. (T. E. Jones),

p. 527, lign. 174,' fig. 4.

Cypris fascicidata, Forbes, MS. July 18, 1851, & MS. July 23, 1854.

Cypris fascicidata, Forbes, in LyeU's Manual Elem. Geol. 5th

edit. 1855, p. 295, figs. 337 h ; Elements of Geology, 6th edit.

1865, p. 378, figs. 371 h.

Cypriclea gramdosa, Morris, 1854, Catal. Brit. Foss. p. 104

(omitting Dunker's synonym and the reference to Wealden).
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Cijpridea granulosa and C. fasciculata, H. Woodward, Catal. Poss.

Crust. 1877, p. 88.

Cypindea verrucosa (var.), Jones, Geol. Mag. dec. 2, vol. v. 1878,

p. 108, pi. 3. fig. 6.

Length 1 mm.
Siiboblong or broadly obovate ; anterior end obliquely and boldly

rounded, posterior somewhat narrower and nearly semicircular;

hinge-line slightly oblique, having the front hinge-joint at an
obtuse angle. Beak and notch not always strongly developed.

Contact-margins flanged and furrowed, nearly continuously, and
subject to difference of intensity in individuals. Edge-view of

carapace narrow-ovate ; end-view oval. The surface punctate, and
also granulated. The pitting consists of either subcircular pits, as

on a thimble, or minute suboblong pits, almost forming a reticulate

pattern. In no cases that I have seen are the granules distributed

over all the surface, the median region always having fewer (as in

Sowerby's figure 4, pi. 21, in Pitton's Memoir), and often none (see

PI. YIII. fig. 18). The granules are always grouped in two sets or

fascicules, one on the anterior and one on the posterior third of

each valve; hence the appropriate name '' fasciculata^^ given by
E. Porbes to this dominant Mid-Purbeck species. The number of

granules in these local groups is variable, as above intimated.

Sowerby's type-figure has many granules, some coming near to the

middle of the valve; other specimens collected by Pitton, and
labelled with Sowerby's name, have very few granules. There is

no line to be drawn, so far as essential characters are concerned,

between the multigranulate and paucigranulate modifications
;

but it will be convenient to recognize the varieties. In the Mid-
Purbeck beds of Durlston Bay both abound, and at Teffont (^o.

38), the multigranulate forms predominate. At Dashlet (also in

the Yale of Wardour), and at Whitchurch, in Bucks, the pauci-

granulate variety occurs plentifully (figs. 8-20). In specimens

(M.P.G.XbJ) from the Mid-Purbeck of Durlston Bay the valves

are mostly paucigranulate ; one, at least, has the hinder fascicule

obsolescent. They have a coarsely punctate or subreticulate surface.

Some strong, squarish, convex individuals from Dashlet have very

few tubercles, only five, or even four, in the fascicules ; and the

punctation takes on a partially regular pattern, the pits on the

anterior half of the valve being oblong and even elongate, curving

round in front and radiating backwards for a little way from the

anterior group of five granules. Even without regarding the modified

punctation, these specimens may be looked on as a variety, paud-
granulata ; whilst the ordinary multigranulate forms divide them-

selves into the common variety fascicidata (Porbes), and the rarer

and earliest named granidosa of Sowerby with the granulation

covering almost the whole surface. The name fascicidata has been,

and still continues to be, convenient for general use.

C. granidosa (Sow. in Pitton, pi. 21, fig. 4, of Pitton's Memoir),

is decidedly the fascicidata of E. Porbes, and its localities are there

given (p. 260) thus :
—" Between DaUard's Parm and Catharine

Q. J. G. S. No. 163. 2 b
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Pord, with Cydas in slaty Purbeck stone ; also, with Cydas and
Modiola, in grey freshwater limestone. Dashlet, between Pent-
hurst and Teffont."

In two mnltigranulate specimens from Teffont (No. 83) the " lucid

spots " ('• muscle-spots ") are visible, consisting of six suboblong

marks, three in a short, shghtly curved, transverse row, one lying

behind and across them, and two others separate, at a little distance

from the ends of the aforesaid row.

This species is highly characteristic of the Middle-Purbeck beds,

both by its abundance and by its being peculiar to that division of

the series.

Some forms of Cy^jvidea verrucosa^ Jones, 1878, were separated

from G. granulosa (Sow.) on account of the supposed absence of

the beak and notch in the latter ; but one of these (fig. 6, pi. iii.,

Geol. Mag. 1878) is evidently the same as the granidosa (multi-

granulate) we have before us, and now know to have the notch.

This essentially Mid-Purbeck species certainly occurs in the

Cypridiferous shales of Obernkirchen, Cassel, IS'orth Germany (speci-

mens in the British Museum), although it is not described nor

figured by Eomer and Dunker. It is of much interest, as support-

ing the late Dr. W. Bunker's opinion that the Hanoverian shales

are of Purbeck and not of Wealden age.

6. Cypeidea ttjbeeculata (Sowerby); and var. adjui^cta, nov. (PL
YIII. figs. 22, 23, 24.)

Cypris tuherculata, J. De C. Sow., in Eitton's Memoir, Trans.

Oeol. Soc. ser. 2, vol. iv. 1836, pp. 177, 205, 228, 345, 352, pi. 21,

fig. 2 (including another form, indicated in the description at p. 345,

and subsequently separated off as Cyjpris Fittoni by Mantell).

Cypris tuhercidata, Lyell, Elements of Geology, 1838, p. 348,

fig. 186 (after Sowerby); 2nd edit. 1841, vol. i^p. 417, fig. 202;
Manual of Elementary Geology, 3rd edit. 1851, and 4th edit.

1852, have the same woodcuts as the foregoing; 5th edit. 1855,

p. 294, fig. 334 h (after E. Forbes) ; 6th edit. 1865, p. 378, fig.

msh.
Cypris tuberculata, Eomer, Yerst. nordd. Ool. 1839, p. 52, pi. 20.

fig. 23.

Cypris tuhercidata, Mantell, Medals of Creation, 1st edit.

1844, vol. ii. p. 545, lign. 1819, figs. 3, 3a ; 2nd edit. (Jones),

1854, vol. ii. p. 527, lign. 174, figs. 3, 3« (fig. 2 is C. Fittoni,

ManteU, in both cases).

Cypris tulerculata ?, Dunker Monogr. nordd. Weald. 1846, p. 60,

pi. 13. fig. 30.

Cypris spinosa, Eorbes, MS., July 18, 1851; C. tuberculata?,

MS., July 23, 1854.

Cypridea tuberculata, Morris, Catal. Brit. Eoss. 2nd edit. 1854,

p. 104.

Cypridea tulerculata, H. Woodward, Catal. Brit. Eoss. Crust.

1877, p. 89.

Length | millim.
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This is one of the suboblong forms of the genus, slightly broader

(higher) in front than behind, and more boldly and obliquely curved

anteriorly than posteriorly ; the dorsal and ventral margins nearly

parallel ; the notch often strong, but sometimes obscured by
tubercles ; the contact-margins are much like those of C. granidosa

(fig. 21) ; the beak sometimes almost obsolete, but traceable. The
surface is punctate, with coarse, subcircular, close-set pits, giving

an appearance like that of a thimble-top ; it also bears numerous,

large, scattered tubercles, somewhat variable in their strength and
position; occasionally long, thick, and blunt, as noticed in E.

Forbes's letter to Mr. Bristow, see above, p. 314, where he terms

it " C. spinosa." Specimen Xb^, Mus. Pract. GeoL, shows an in-

dividual of this kind, with long thick tubercles ; it is strongly

beaked, much more so than our fig. 22, PI. YIII. In fact this

specimen is rather longer than the typical form, and is less strongly

beaked ; and it ought to be regarded as a variety, adjuncta.

Edge-view long-ovate ; end-view short-ovate (figs. 23 and 24).

The coarse tubercles remind us of a similar feature in Cytheridea

torosa (Jones); but in the latter they are fewer and relatively

larger, and the hingement of the valves is different.

C. tuhercidata is not common. It comes from the Mid-Purbeck
of Durlston Bay (Xb^-, M. P. G.) ; and from the Upper Purbeck of

Mewps Bay (specimen no. 27, fig. 22, PL YIII.), and of Bacon Hole
(specimen in the British Museum, and Xb|-, M. P. G.). This last is

like the Wealden specimens figured in Eitton's Memoir, which are

strictly Weaiden, but do not occur nearly so frequently as Cyihere

Fittoni (Mantell), which was figured with them in fig. 2, pi. 21, of

Eitton's Memoir, and has been often mistaken for C. tuberculata.

The Purbeck form (var. adjuncta) occurs also, I believe, in the

Weaiden beds, Eccleston Glen, Hastings. The Weaiden species I

hope to treat in full at a future opportunity.

Eomer, 1839, evidently had C. tuhercidata, Sow., in the black

Cypridiferous Shales of North Germany, and Dunker, in 1846,

repeats the observation ; but his figure is very doubtful.

II. Genus Ctpeioke, gen. nov.

Animal unknown. Carapace bivalved ; subcylindrical ; right

valve rather larger than the other ; contact-margins ridged and
furrowed almost continuously, but the flanges and corresponding

ledges run closer together in some specimens than in others. Hinge-
line along the slightly convex back-edge not specially defined.

Valves smooth, elongate-oblong, with rounded ends, in the only

species yet recognized.

The structure of the contact-margins of these valves is not

essentially different from that in Cypridea, except that the latter

has its characteristic antero-ventral notch. Qypridea, moreover,

has much coarser and thicker valves, and always differs in shape.

The outlines of the carapace under notice approach those of Bar-
winula ; but in the latter the valves meet with simple edges and
considerable overlap ; and, as no other genus among the Ostracoda

2b2
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is characterized by this elongate and shghtly tapering ohlong shape,

it seems advisable to take this feature and the contact-margins as

giving the leading characters for a separate genus Cyprmie.

7. Ctprione Beistovii, sp. nov. (PI. YIII. figs. 27-29, and 32, im-
mature.)

Length, adult 1 millim. ; immature, | millim.

Yalves suboblong, elongate, with rounded ends, the anterior

rather narrower than the other. The ventral somewhat straighter

than the dorsal edge. The valves meet with slight ridges and fur-

rows. The right valve overlaps the other nearly all round, although

the figs. 28 and 29, being taken from odd valves, do not give this

impression.

This may be the larger form, of a peapod-shape, which E. Porbes
referred to in his letter (to Mr. Bristow) of July 18, 1851 (see p. 314).

I name it after Mr. Bristow, F.E.S., F.G.iS., Director of the Geol.

Surv. of England, who worked so long and ardently on the Purbeck
strata with his friend E. Eorbes.

Gyprione Bristovii is met with in the Upper Purbeck (specimens

—40, 40 A, 40 AA, Burlston Bay ; 27, Mewps Bay, young form,

fig. 32, PI. YIII.) : and in the Mid-Purbeck (44 and 56, 57, 58,

Durlston Bay).

It occurs in the Wealden Beds, at the Black-Horse Quarry, near

Hastings, and also near BexhiU, and at Lindfield,

In Germany it is found at Obernkirchen and the Deister, as

shown by specimens in the British Museum. The " Cypris ohlonga "

of Bomer and Dunker may possibly have been intended for this and
D. leguminella (see above, p. 319) ; but the figures and descriptions

are obscure and contradictory. Certainly fig. 34, pi. 5, Monogr.
Eoss. Esth., Appendix, p. 128, may be a near ally of C. Bristovii',

but it best agrees with Romer's description of his C. ohlonga^ though
not with his figure. The latter is too much arched on the back for

G. Bristovii, and should be regarded as Gyprione ? ohlonga (Romer).

III. Genus Metacypets, G. S. Brady, 1870.

Metacypris, G. S. Brady, l^ature, March 10, 1870, p. 484.

Metacypris, G. S. Brady and Robertson, Ann. & Mag. Wat. Hist.

ser. 4, vol. vi. July 1870, pp. 19, 20 ; Ihid. vol. ix. 1872, p. 51

;

and Monogr. Post-tertiary Entom., Pal. Soc. 1874, pp. 112 and
116.

Yalves subrhomboidal or suboblong, very convex ; rounded before

and behind, but unequally and somewhat obliquely ; rather narrower

and compressed in front ; dorsal and ventral margins nearly parallel,

but the latter turned inwards, or pressed in along the hinder half of

its length, so that the body of each valve swells out beyond it.

Hinge-line distinct, with thin flanges and narrow furrows ; but our

fossils do not show the details so well as the recent sjDecimens of

M. cordata, Ann. & Mag. IS". H. 1870, pi. 6. The right valve is larger

than the left. The surface is pitted in lines.
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Only one recent species is known (see above); found in tidal

rivers in the East of England. This genus was at first placed, with

the Cypridte with doubt, but afterwards referred more certainly to

the Cytheridaef.

8. Metacypeis Fokbesii, and var. verettcosa, sp. et var. nov. (PI.

YIII. figs. 11-16.)

Cypris striato-punctata, Eorbes (non Romer et Dunker), MS.
July 18, 1851 ; MS. July "I'd, 1854 ; LyeU's Manual Elem.' Geol.

5th edit. 1855, p. 295, fig. 337« ; Elem. 6th edit. 1865, p. 378,

fig. 371a.

Cypris striato-punctata, Huxley and Etheridge, Catal. Coll. Foss.

Mus. P. G-eol. 1865, p. 254.

Oypridea striato-punctata, H. Woodward, Cat. Brit. Foss. Crust.

1877, p. 89.

Figs. 11-14 : length § millim. ; figs. 15 and 16, | millim.

This is remarkably like M. cordata, G. S. Brady (jS"ature, I. c),

above referred to, but it is less convex, and is longer in proportion

to breadth (height) ; and it shows a strong tendency to become
tubercled. The ornamental pitting may be described in Dr. Brady's

words :
—" Surface of the valves closely set with small rounded im-

pressions, which are arranged in longitudinal rows, running on the

ventral surface into interrupted furrows ; ventral surface deeply and
broadly sulcate along the greater part of the median line." We
may add that the lines of dots, in both cases (receut and fossil)

curve round on the front third of the valve, and in the fossil speci-

mens they have a slight local swelling or a tubercle for their centre.

The linear ornament curves round also (but less distinctly) behind,

parallel with the posterior border. Edge-view, subovate or bluntly

pyriform. End-view short, broad, ovate.

As E. Forbes seems to have referred this species (sufficiently well

indicated in his letter to Mr. Bristow, see above, p. 314) erroneously

to Eomer's species, and as the surface character in both the recent

and this fossil species is striato-punctate, I do not hesitate to give it

a new name, dedicating it to the memory of the much-lamented
palaeontologist and geologist who worked out the three main divisions

of the Purbeck series, as characterized by the fossils, among which
especially were Ostracoda treated of in this paper. Prof. Dunker
agreed with me in regarding this species as quite distinct from
Oypridea striato-punctata (Edmer), which may, I think, be possibly

a variety of, or near ally to, C. valdensis or C. punctata.

8*. M. FoRBESii, var. verrucosa. (Figs. 12 and 14.)

Here we have the tendency towards tuberculation carried to the

fuU, that is, as far as yet observed ; and the individuals are not

t Egger's Bairdia glutaa, from the Miocene beds of Mairhof, near Orten-

burg, in Lower Bavaria (•' Die Ostrakoden der Miocan-Scbichten," &c. in the

'Neues Jahrbuch f. Min.' &e. 1858, p. 408, pi. 1. fig, 6), has evidently the cha-

racters of this genus.
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quite so nearh* oblong in outline, being somewhat narrowed in

front.

Metam^pris Forhesii comes from Durlston Bay (specimens Xb^,
M.P.G.) : from Eidgway (Xb4, M.P.G.). and Xo. 123A, Eidgway,
also Xo. 61, Mewps Bay. All these are from the Middle Purbeck.

lY. Genus DAETrrs^rLA.

[Xote bv G. S. Beabt, M.D., F.E.S., F.L.S., and D. Eobeeiso^,

r.L.S., F.G.S., June 12, 1885.

" Prof, T. Eupert Jones having kindly drawn our attention to the

fact that the generic term Darwinella had already been appropriated

by Fritz MiiUer, in 1865, for a genus of horny sponges (Schulze's

Archiv fiir mikr. Anat. vol. i. p. 344), and Danvinula having been
suggested as appropriate, we are glad to have the opportunity of

adopting this suggestion and substituting the latter term."]

Polyclules, G. S. Brady, Xature, March 10, 1870, p. 484.

I*olycheles, G. S. Brady and D. Eobertson, 1870, Ann. & Mag.
Xat. Hist. ser. 4, vol. vi. July 1870, p. 25.

Darwinella, Brady and Eobertson, 1872, Ann. & Mag. Xat. Hist,

ser. 4, vol. ix. p. 50, note ; and vol. xiii. 1874, p. 117 ; and Monogr.
Post-tertiary Entom., Pal. Soc. 1874, pp. 112, 140.

Carapace smooth, subcylindrical, elongate, oblong- ovate, or sub-

cuneate ; valves thin and smooth, unequal, right larger than the

left valve.

Only one recent species {D. Stevensoni, B. and E., locc. citt.) is

known. It belongs to the brackish waters of tidal rivers. This or a

verj- similar species has been found in the Forest-bed series of

Suffolk by Mr. Clement Eeid, F.G.S., of the Geological Survey.

9. Daewesttla LE&rMxx£LLA, Forbcs. (PI. TUT. figs, 30 and 31.)

Cyjyris ohlonga (?), Dunker, Monogr. nordd. Weald.-Bild. 1846,

p. 60, pi. 13. fig. 24.

Cypris leguminelloides. Forbes, MS. July 18, 1851.

Cypris leguminella, Forbes, MS. Julv 23, 1854; Forbes, in

LyeU's Manual of Elem. Geol. 5th edit. 1855. p. 294, fig. 334 c ;

Elements Geol. 6th edit. 1865, p, 378, fig, 368 c.

Cypridea obhnga ?, Jones, Monogr. Foss. Esther. 1862, p. 128,

pi. 5. fig. 31 (and'33?).

Cypndea leguminella, H. Woodward, Cat. Brit. Foss. Crust.

1877, p. 89.

Length | millim.

Yalves small, smooth, shining, elongate, with rounded ends, one

(anterior) narrower, more ellipticaUy curved, and more compressed

than the other ; the left valve the largest. Carapace subcylindrical,

tapering anteriorly, blunter behind.

This is very much like the Carboniferous DarvAnula herniciana,

Jones, ' Proceed. Berwicksh. Xat. Club,' vol. x. 1884, p. 325, pi. 2,

fig, 4 ; but it is not so truncate posteriorly, and is slightly more
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acuminate in front. It still more closely resembles the recent

D. Stevensonii, B. C. and R. ; and it is possibly identical with fig. 31,

pi. 5, of my 'Monogr. Eoss. Estherise,' 1862, Appendix, p. 128,

though a little smaller. This last is a small valve from the Wealden
of Obernkirchen, Cassel, near Hanover, and was very superficially

described, together with other associated fossil valves, in the Ap-
pendix referred to. In 1878 (Geol, Mag. dec. 2, vol. v. p. 107) I

made some remarks on these specimens. Fig. 30 is probably a

Candona ; fig. 31 a Darwinula * (see above) ; fig. 32 is obscure ; fig.

33 may be an impaired specimen of Darwinula (?) ; and fig. 34 may
be Cyprione ? ohlo7iga (Eomer).

D. hguminella (E. Eorbes) has been found in the following Upper-
Purbeck specimens, 397 A and 397B, Durlston Bay; Xb|- and Brit.

Mus. Bacon Hole ; 61, 377, and 378, Mewps Bay. In Middle
Purbeck Xb|- & Xb|, Durlston Bay, and 123 A, Ridgway.

It occurs also in the Wealden Beds, near Atherfi.eld, Sandown,
Hastings, Hythe, &c. See pp. 333, 334.

D. leguminella abounds in some of the Hanoverian black Cypri-

diferous Shales from Obernkirchen and the Deister. Some specimens

are in the British Museum. Although the description and figures

of Cypris ohlonga given by Eomer and Dunker do not fit this

species, yet it is possible that they were intended to cover both it

and Cyjprione Bristovii ; C. ohlonga (Eomer), however, may be di-

stinct. At all events Hunker's fig. 24 well suits a x^iece of shale

loaded with little Darivinulce. The species is figured in my ' Monogr.
Eoss. Esth.' I. c. from Obernkirchen, Hanover ; fig. 31 is fairly good,

and fig. 33 may be imperfect or partly imbedded.

Y. Genus Ctpeis, Miiller, 1785.

(See the memoirs on recent Ostracoda, by G. S. Brady and others,

to whom he refers, for general and special descriptions.)

Valves subreniform or suboblong, thin, smooth, pitted or bristly

;

hinge simple, or with narrow furrows or flanges and slight ridges.

The interiors of the front and hind margins are bevelled, and are

sometimes continued into a more or less developed, narrow, laminar,

oblique plate. Left valve the largest.

10. Cypeis PTJEBECKEifsis, Forbcs. (PL IX. figs. 1-6.)

Cypris purhecJcensis, Eorbes, MS. July 18, 1851 ; MS. July 23,

1854.

Cypris purbechensis, Eorbes, in Lyell's Manual Elem. Geol.

5th edit. 1855, p. 297, fig. 339^; Elem. Geol. 6th edit. 1865,

p. 387, fig. 375a.

Cypris purhechensis, Huxley and Etheridge, Catal. Coll. Eoss.

Mus. P. Geol. 1865, p. 254.

Cypris purhechensis^ P. de Loriol et Jaccard, Mem. Soc. Phys.

Hist. Nat. Geneve, vol. xviii. part i. 1866, pp. 81, 82, pi. 2. figs. 1-3.

* Figs. 23 and 24 in the same plate
(
Candona ? globosa, from Linksfield)

may represent a Darwinula also ; for its lucid spot, of which I have drawings,
is that of Darwinula.
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Oypridea purbeckensis, H. Woodward, Catal. Brit, Foss. Crust.

1877, p. 89.

Ci/pris ? purhecJcensis, Jones, Proceed. Geol. Assoc, vol. viii.

1883, pp. 57, 58.

Lengtli f mm. figs. 3-5 ; 1 mm. figs. 4 & 6 ; 1| mm. fig. 1

;

1^ mm. fig. 2.

Valves subreniform, arched on the back ; nearly straight, or

somewhat incurved, on the ventral edge; rounded at the ends,

broadly and obliquely in front. Edge-view acute-oval. Surface

smooth. Contact-margins simple. Insides of front and hind

margins are sometimes more bevelled than in fig. 1.

The size and shape are both rather variable (compare figs. 1-6,

PI. IX). An exceptionally broad (high) left valve, with a remarkable

sharp tubercle (local hypertrophy ?) on the postero-dorsal edges, is

shown by fig. 6. Figs. 3 and 5 are smaller i-eniform individuals. Age
and sex probably determined these differences of size and shape.

A broken valve from the Post-tertiary freshwater beds at Copford,

Essex, is figured (hind end upwards) in my ' Monograph Entom.
Tert. Form.' 1856, pi. 1, fig. 5a, which closely approximates in

form to fig. 1 of PL IX. here. It is the variety tumida, B.C. andE.,
of Candona Candida. Cypris virens (Jurine), known also as

C. tristriata, Baird, is a recent form of very similar make, and in

G. S. Brady's " Monogr. Rec. Brit. Ostrac," Trans. Linn. Soc. vol.

xxvi. pi. 23. figs. 23-26, it is figured witn the little gape seen also in

our fig. 4, PL IX.

On the specimen in the Mus. Pract. GeoL, Xb^, probably one

of the early slabs seen by E. Forbes, there are the two somewhat
differing forms, namely, the reniform and the siihreniform: They
have all been weathered, and one side-surface has especially been

thus modified, so as to account for the flat margin in the figure

given by Lyell, and in one of those in Forbes's two letters. This

specimen is referred, by error I believe, to the Middle instead of to

the Lower Purbeck in the Museum of Practical Geology (see above,

p. 325 note).

YI. Genus Candona, Baird, 1845.

Valves like those of Oypris. Difficult to be distinguished from
that genus except by comparison with known recent forms, the

structure of the soft parts supplying the critical difierences. The
general aspect of the Purbeck specimens here selected under this

head reminds us of Candonce rather than of Cyprides.

11. Candona bononiensts (corrected, see above, p. 311), Jones.

(PL IX. figs. 7, 8.)

CytJiere holoniensis, Jones, 1882, Bullet. Soc. Geol. France, ser. g
vol. viii. pp. 615, 616, 1883 ; Proceed. Geol. Assoc, vol. viii. p. 5g'

Length 1^ mm.
Valves suboblong, almost equally rounded at the ends, constricted

a little in front of the middle, the posterior moiety being higher and
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more convex than the front portion. Edge-view of carapace acute-

ovate. Left valve the largest. Contact-margiDS simple ; the nearly

straight dorsal edge has the front hinge indicated by a slight angle

and a faint impression behind it outside.

12. Candona ansata, sp. nov. (PI. IX. figs. 9-12.)

Length | mm. to J mm.
Valves suboblong, obliquely rounded at each end, the slopes being

antero- and postero-dorsal. Back straight; ventral edge slightly

concave, with its edge turned in at the middle and swelling out at

the posterior third, so as to form a sti^ong projection, almost like

the short, blunt handle of a crock (but upside-down). The surface

is smooth ; but in some cases the inside of the valve is pitted (by

the decay of tubules ?), and the bevelled translucent insides of the

front and hind margins show radiating tubules (fig. 9). Lucid

spots are visible in figs. 9-12, somewhat resembling those in

Gytheridea. Edge-view of the carapace suboval. Left valve the

largest. The contact-margins are simple ; terminal edges bevelled

inside ; hinge-line distinct, with a faint angle in front (not strong

enough in fig. 9), and a slight impression behind it on the outside.

The " lucid spots " are visible in a specimen from HartweU
(No. 269).

They form a pattern of six ; four transverse, parallel^ in a curve

(convex backwards), and two in front, one near each end of the lower

row.

VII. Genus Cytheee, Miiller, 1785.

Carapace of two nearly equal valves, suboblong, subrhomboidal,

or subtriangular, thick, ornamented with pits, reticulation, riblets,

and tubercles. Left valve usually rather larger than the right.

Inside of the front edges in each valve bevelled off inwards. Hinge,
for the most part, a barlike ridge on the left valve, ending in front

with a tooth and a socket beyond, and ending behind at the socket

which receives the tooth at the end of the furrow on the right valve

behind the anterior tooth which falls into the front socket of the

left valve. So that, typically, the left valve has a bar and front

tooth, and a socket at each end; whilst the right valve has a

corresponding sulcus and socket and a tooth at each end, besides a

thin outer ledge or fiange to fall into a furrow along the outer

convexity of the wider left valve. Some of these features are often

modified or obsolete. See examples in the Monogr. Tert. Entom.,
Pal. Soc. 1856. For the relationship of recent species, as based on
the soft parts, see the memoirs by Sars and Brady on Ostracoda—for

instance, G. S. Brady's " Report on the Ostracoda dredged by
H.M.S. ' ChaUenger,'" &c. 'ZooL ChaU. Exped.' pt. 3, 1880,

pp. 61-62.

13. Cythere transiens, sp. nov. (PI. IX. figs. 13-16.)

Length | mm.
Valves subtriangular, or somewhat pear-shaped, rounded at ends,
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high on the back at the anterior third, where the front hinge
somewhat projects. Edge-^iew blunt, compressed oval. Surface

coarsely pitted with a rough reticulation. Ventral edge much
incurved.

Eound at Swindon (specimen no. 364), in Purbeck beds, by the

Rev. Prof. J. P. Blake, P.G.S., after whom it was at first named
(when this paper was read) ; but another Cythere had already been
assigned to him. C. traiwiens occurs also in a soft, white Portland
stone from Brill.

14. Cytheee eetzrtj&ata, sp. nov. (PI. IX . figs. 17-24, including

var. rugidata, figs. 17-20 ; and var. textilis, fig. 24.)

Length usually | mm., fig, 19, J mm.

Suboblong, with oblique ends, sloping from the front and hinder

ends of the hinge-line, which is straight, and oblique to the long

axis of the valve. Ventral border slightly sinuous, and much
incurved at its edge. Edge-view oval, slightly acute. Surface pitted

over two thirds of its area, and wrinkled or finely costulate along

the ventral region ; the pits in fig. 17 (var. rugidata) are wide apart

and roundish ; in other specimens (fig. 21) they take a rough
reticulate pattern (retirugata) ; and in others (fig. 24) the reticulation

is delicate (var. tecctilis), the meshes are open, with thin walls, and
become regular and rectangular on the ventral region, where the

longitudinal mesh-walls represent the riblets of other specimens.

At first I was inclined to separate figs. 17-20 off from the others

as a distinct form (C. rugidata) ; but the gradation to fig. 21 is

evident, and Dr. Gr. S. Brady has suggested that it may be the male

form : nevertheless it will be convenient to keep rugulata as a

varietal name. The pattern of fig. 24 is the same as that of the

foregoing, although in detail the reticulation is more like lace-work,

the meshes being much finer, and the costulation far more delicate.

The last deserves a varietal name, textilis.

In figs. 17-20 each pit seems to open inwards in a little tube

;

and each mesh in figs. 21-23 has two or more of such little

perforations.

C. retirugata (type) was found in specimen no. 253 (figs. 21-23),

from HartweU ; and no. 364 from Swindon (Prof. Blake).

G. rugulata in four specimens, nos. 256 (figs. 17, 18), 258 (fig. 20),

269 (fig. 19), and 357, all from HartweU.
C. textilis, also from HartweU (Barnard's pit), specimen no. 166

(fig. 24), and from BriU.
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EXPLANATION OF PLATES VIII. & IX.

(The specimens are figured with the front ends upwards.)
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No. of fied

Plate VIII.

Specimen, (diam.).

Fig.

1. C^pridea punctata (Forbes), Ya.r.pos-\ "Middle Purbeck
; ] q-^^ 25

ticalis, Jones. Carapace, side view J Mewps Bay. j

2. . Leftvalre „ „ 61A, 6 25

o. . Carapace, edge view ,, ,,
61A, 2 25

4. Cypridea pxmctata (Forbes). Left "1 Upper Purbeck ; 1
34 i^ 30

valve, inside J
Durlston Bay. J

'

5. . Eight valve, inside ,, „ 34, 20 30
6. Cypridea punctata (Forbes), var. pos- 1 Mid-Purbeck ; Eidg-

1

009 cxB-") 2 20
ticalis, Jones. Eight valve J way. J

"' ^ ^
'^'

7. , var. gibhosa (Forbes).

Left valve „ „ 382,3 20
8. ,Y&v.posticalis,3one?>. Left

valve „ „ 382,4 20
9. Cypridea DunJceri, Jones. Carapace, 1 Middle Purbeck;!

filA 16 25
edge view I Mewps Bay. J

'

10. . Eight valve
' „ „ 61A,i7 25

11. Metacypris Forhesu, Jones. Left valve |
^^-Purbeck

;
Eidg-

j
gg^^ g 30

ir» n< J • r Middle Purbeck :1 n-i on
12. . Carapace, end view

| ^^ -^^^ '

|
61, 3 30

13. . Left valve (rather verru-

cose) „ „ 61,6 30
14. , var. verrucosa, Jones.

Carapace, dorsal aspect ,, „ 61,2 30

15. . Carapace, ventral aspect \ ^ '

I

^^^' ^ ^
16. . Eight valve, inside „" ,, 123A, 3 30
17. Cypridea DunTceri, Jones. Eight

valve „ „ 382,1 25
18. Cypridea granulosa {^ov^.),yQ.v.pauci-\ (

granulata, Jones Left valve
. [Mid-Purbeck; Whit- ^.o J 25

19. . Carapace, ventral )
gj^^j,„jj p

229,2 •{

new
20. . Carapace, end view^ ^25
21. . Eight valve, inside „ „ 229, 13 25
22. Cypridea tuherculata (Sow.), var. \ f

adjuiicta, Tories. Eight valve I Upper Purbeck; o- j 25
23. . Carapace, end view

[
Mewps Bay. ' ^ 1 25

24. . Dorsal edge of valve J [25
25. Cypridea ventrosa, Jones. Left valve,

j ^ p^^ ^^ Jventral aspec.
Durlston Bay.

^0, 2 25
26. . Outside of the same valve J •' [25
27. Cyprio7ie Bristovii, Jones. Left valve „ „ 40, 11 30
28. . Inside of right valve „ „ 40AA, i 30
29. . Inside of left valve „ „ 40AA, 2 30
30. Darwinulaleqicminella CPovhes). Left! Middle Purbeck;! p-, „^

valve ...!: I Mewps Bay. j ^^'^^ ^0

31. . Edge view of carapace .. . „ „ 61,17 30
32. Cyprione Bristovii, Jones. Immature

form „ „ 27,11 30-

Note.—^The small numbers indicate the individual specimen on the slide.
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Fig.

2.

.3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Plate IX.

Cypris ^urhecJcensis, Forbes. Inside \ Lower Purbeck ; 1

of left valve J Vale of Wardour. J—

^

. Right valve ,, „
(reniform variety). Left 1 Lower Purbeck ;

"[

valve J Harfcwell. J

-n,-! • c r Lower Purbeck:!
. Edgeview of carapace...

I Vale of Wardour. ' |
. Leftvalve

{ ^"Zitchuri":'^"'

1

. Eight .alve(aick) {
lo-|„^,, ^-l>-^^}

Candona hononiensis, Jones. Eight ] Lower Purbeck ; 1

valve J Hartwell.
J

. Edge of valve „ „
Candona ansata, Jones. Left valve,

inside ,, „

Tj- 1 , 1 „ /Lower Purbeck:
. Right valve

I South Oving,
. Edge view of valve ,, ,,

. Left valve ,, „
Cythere transiens, Jones. Left valve, 1 Lower Purbeck

;

inside J Swindon.
. Right valve, inside ,, „
. Carapace ventral view ..

.

,, „
. Left valve „ „

Cythere retirugata, Jones, var. rugu- 1 Lower Purbeck ; 1

lata, Jones. Left valve J Hartwell. J
. Left valve, inside „ „
. Carapace, ventral view ..

.

„ „
. Right valve, inside „ ,,

Cythere retirugata, Jones. Left valve „ „
. Carapace, ventral aspect ,, „
. Right valve, inside „ „
, var. textilis, Jones. Right

valve „ „

]S-o.of

Specimen. (diam.).

230,6 20

230,2 20

350,3 20

230,1 20

227,1 20

'OunniTigton,3"20

353,1 20

353,2 20

269,11 30

363,3 30

363,2
363,4

30
30

964,8 40

364,0
364,7
364,2

40
40
40

256,2 30

256,4
269,5
258,6
253,8
253,2
253,11

30
30
30
30
30
30

166,1 30

DiSCFSSION.

Prof. Blae:e thought that the Purbeck beds of Swindon were con-

temporaneous with the Portlandian further south, and that this

view was confirmed by the mingling of marine and freshwater

forms.

Dr. HrsTDE pointed out that the name of Darwinella had been
akeady employed by Pritz Miiller for a genus of horny sponges.

Mr. Whztaxee asked for further information as to the species of

Ostracoda being characteristic of the several divisions of the

Purbeck.

Br. WooDWAED pointed out the necessity of indicating the dorsal

and ventral aspects of all the forms, so as to facilitate their com-
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parison with living forms. He regretted the number of names which
had to be coined for the subgenera of Cypris.

The Atjthor said that Dariuinella was a genus founded by Brady,

and he regretted if that author had been forestalled. It is difficult

at times to distinguish the ends in fossil Ostracoda, and it is not

always possible to distinguish between the dorsal and ventral sides

;

but in these Purbeck forms there is no doubt or difficulty. With
respect to Swindon, the study of these fossils seems to confirm the

views of the late Mr. Charles Moore and Prof. Morris.
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50. On the Teetiaet and Oldee Peexdotites of Scotlaot). By

Prof. JoHi^ W. JuDD, F.E.S., Sec. G.S. (Eead February 11,

1885.)
[Plates X.-XIII.]

Introduction.
Part I.'

—

The Tertiary Peridotites and Allied Eocks.

§ 1. Eelations of these Eocks to the other Eruptive Masses of the

Western Isles of Scotland.

§ 2. Microscopic Structures of the Eocks.

§ 3. Minerals of which the Eocks are built up.

§ 4. The Changes which these Minerals have undergone at great depths

from the surface.

§ 5. Nature and Origin of the Changes which have taken place in the

Minerals of deep-seated Plutonic Eocks (" Schillerization").

§ 6. The Agency by which the Schillerization of Minerals has been pro-

duced.

§ 7. Varieties of the Tertiary Ultra-basic Eocks.

Part II.

—

The Paleozoic Peridotites and Allied Eocks.

§ 1. Alteration of the Minerals in the Paleozoic Peridotites.

§ 2. Varieties of the Palaeozoic Peridotites.

§ 3. The Scyelite (altered mica-hornblende-picrite) of Caithness.

Summary op Eesults.

Inteodtictigis^.

Those rocks which contain an excessive proportion of the bases,

especially magnesia and ferrous oxide, and are therefore composed

largely of unisilicates, may be conveniently classed as ultra-basic

rocks. Such rocks constitute a small but highly interesting group,

which is characterized as follows :—They have a very low percentage

of silica, ranging generally from 35 to 45, with a high specific

gravity, varying from 3 to 4 ; while the ferro-magnesian silicates,

olivine and enstatite, enter largely into their coustitution. Felspar

is often altogether absent from these rocks, and, when present,

appears to be always represented by the basic species anorthite, or

one approaching in composition to that type.

Many of these ultra-basic rocks may be very conveniently grouped,

as Professor Eosenbusch proposes, under the name of " peridotites ;"

rocks, that is, in which the unisilicate, olivine, forms the prevailing

constituent.

There are other ultra-basic rocks, however, which contain a con-

siderable proportion of the bisilicates, and these form a link between

true peridotites and the ordinary basic rocks. Among these may be

noticed the picrites, in which olivine is united with a considerable

proportion of augite, hornblende, or biotite, anorthite-augite rock

(eucrite)*, anorthite-hornblende rock (corsite), and anorthite-

olivine rock (troctolite or forellenstein).

[ * It is possible that teschenite must be grouped with those rocks which lie

on the border line between the basic and the ultra-basic groups. See Eohrbach,

Tschermak's Min. und Petr. Mittheil. vol. vii. (1885) p. 1.1
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The peridotites and their allies are of especial interest to geologists

on four different grounds :

—

First, their mode of occurrence has

been thought to be suggestive of their having come from deeply-

seated portions of the earth's crust, and they have therefore been

supposed to afford some indications concerning the constitution of the

earth's central mass. Secondly, they are the source from which many,
if not, indeed, all, of those very interesting rocks the serpentines have

been derived by hydration. Thirdly, in rocks of this class the

remarkable mineral, diamond, has been found m situ. And fourtJdy

,

they exhibit many striking points of resemblance with those won-
derful "extra-terrestrial rocks"—the meteorites.

The peridotites which have, up to the present time, been described

appear to be plutonic rocks, forming either the whole or portions of

intrusive masses. The enclosures in basalt and the " olivine-bombs
"

contained in basaltic tuffs constitute apparent—but probably only

apparent—exceptions to this rule, for they would seem to have

been brought from below entangled in the lavas and scoriae with
which they are associated. Professor Eosenbusch is inclined to

regard the " limburgites " as analogous to the peridotites, and some
of these rocks certainly have an ultimate chemical composition sug-

gestive of an alliance with the ultra-basic types. But the majority

of the limburgites would seem to be, like the magma-basalts of

Boficky and Mohl, rocks in which consolidation has taken place

before the individualization by crystalline action of the more acid

constituents which form the felspar, nepheline, or leucite.

The true peridotites have been usually regarded as belonging to

the older geological periods ; by some authors, indeed, they have
been stated to be absolutely characteristic of the Pre-Tertiary epochs.

In Scotland, however, we find great masses of undoubted peridotites,

exhibiting all the essential features of their older analogues, but
associated in the most intimate manner with the intrusive rock-

masses which I have, on a previous occasion, shown to be the central

cores of great volcanoes built up by successive outbursts during the

earlier Tertiary periods.

But it is not alone on account of their younger geological age that

the peridotites and allied rocks of the Western Isles of Scotland are

of such extreme interest to geologists. Owing probably to their

comparatively recent origin, the minerals of which these rocks are

composed are in a remarkably fresh and unweathered condition,

supplying us, as I hope to show in this paper, with admirable

facilities for studying certain questions concerning their origin and
mode of development. Examined from this point of view, the Ter-

tiary Peridotites of Scotland furnish us with valuable suggestions

for the solution of many problems concerning the older rocks of the

same class, and their altered representatives, the serpentines, not

only in Scotland, but in other parts of the globe. They are also

important from their grand development in this district—forming,

as we shall see that they do, a considerable portion of great moun-
tain-masses, which cover considerable areas.
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Paet I.

The Teetiaet Peeidotites a:n-d Allied Eocks.

§ 1. Relatioi^s oe these Rocks to the othee Ebtjptiye Masses of

THE Westeei? Isles of Scotland.

More than ten years ago I was enabled, by a careful stndy of the

Western Isles of Scotland, to demonstrate that the eruptive masses

of granite and gabbro of that area constitute the denuded cores or

basal wrecks of great volcanoes built up during the earlier Tertiary

periods*. As Professor Zirkel had shortly before visited the district

for the purpose of collecting specimens of the leading types of rocks

in it, and had given a detailed account of their microscopical cha-

racters t, I made the petrographical determinations of that excellent

observer the basis of my field-work, reserving to a future occasion

a full account of the minute structure of the very large series of

typical rocks which I collected during my field-work extending over

several years, as well as in subsequent visits to the district. In ful-

filment of the engagement I then made, I have as yet only been able

to deal with the basaltic glasses, in a paper in preparing which I had

the cooperation of my friend Mr. Cole t, and I now lay before the

Society a second instalment of the task.

The ultra-basic rocks of the Western Isles of Scotland form sub-

ordinate portions of several of the great basic eruptive masses of the

Western Isles of Scotland. They are especially developed in the Isle of

Eum and in the Shiant Isles. By Macculloch, to whose careful studies

we owe so much of our knowledge of the district where they occur,

the difference of these rocks from those with which they are associ-

ated was clearly recognized, though their true nature was to some
extent misunderstood. As we shall hereafter show, the olivine

which forms such an important constituent in most of these rocks

has undergone a curious modification, by which it is caused to

assume a darker colour than is usual in the mineral. In consequence

of this change the olivine in many of these rocks appears to the

naked eye so similar to the associated augite, that it is not surpris-

ing to find Macculloch confounding the two minerals and supposing

the rocks to be almost wholly composed of augite. It was in this

way that he was led to give them the name of " augite-rock" §. That

no subsequent observers have noticed these remarkable rocks is pro-

bably accounted for by the fact that the Isle of Rum is seldom visited,

while the Shiant Isles are not only almost uninhabited, but are

very dif&cult of access.

The basic eruptive rocks, with which the ultra-basic ones are so

intimately associated, fall into the two classes of gabbros and dole-

rites.

* Quart. Joum. Geol. Soc. vol. xxx. (1874) pp. 220-302.

t Zeitschr. d. deutsch. geolog. Gesell. vol. xxiii. (1871) p. 1.

I Quart. Journ. Geol. Soc. vol. xxxix. (1883) p. 444.

§ A Description of the Western Isles of Scotland, &c., by John Macculloch,

M.D. (1819), Tol. i. pp. 436, 485, &c.
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The gabbros, as Zirkel so well showed *, belong for the most part

to the class of the olivine-gabbros, the olivine in these rocks, how-
ever, being frequently so curiously obscured, as to be easily over-

looked.

By other writers these rocks have been called hypersthene-rock f,

hypersthenite or hyperite +, hyperitic diabase §, labrador-syenite
||,

and norite %.

The main cause of the conflict of opinion concerning the nature

of this rock and the name by which it should be called was the

difficulty found in determining its conspicuous pyroxeuic constituent.

As we shall show hereafter, Zirkel was undoubtedly right in referring

this pyroxene to diallage, the foliated form of augite **. At the same
time it must be borne in mind that the various forms of enstatite, and
among them true hypersthene, are also frequently present, and some-

times in such proportions as to entitle the rock to be called an
" olivine-enstatite-gabbro."

It is a surprising circumstance that some authors have regarded

the rock in question as being of metamorphic origin and of Archaean

age. The only possible ground for such a conclusion which I can
conceive of is that the rocks present certain parallel division-planes,

and are built up of the same minerals as some supposed Lauren-
tian rocks. As for the parallel division-planes they are certainly

nothing but the great concentric joints which are so often found tra-

versing both gabbros and granites ; while, as I have elsewhere shown,.

the connexion of these rocks with the Post-Tertiary basalts is un-
mistakable.

As, however, the supposed metamorphic origin and Archaean age

of the gabbros of the Cuchullin Hills of Skye has not only been
taken for granted, but has been made the basis of curious theo-

retical speculations, it may be well to trace the idea to its original

source.

The first who broached these notions appears to have been Dr.

A. Geikie ft, before whom, so far as I am aware, no one had ques-

tioned the reference made by Macculloch of these rocks to the

* Zeitscbr. d. deutsch. geol. Gesell. xxiii. (1871) p. 58. In 1878, Prof,

von Lasaulx gave an interesting account of the microscopical characters of the

similar rocks of the Oarlingford Mountains, which form, as I have shown, a

portion of the same great Tertiary series of outbursts. (Tschermak, Min. u. Petr.

Mitth. 1878, p. 426.) His results are in close agreement with those of Prof.

Zirkel.

t Macculloch, ' Western Isles,' voL i. p. 385 ; Geikie, ' Scenery and Geology
of Scotland ' (1865), p. 210.

t Heddle, Trans. Eoy. Soc. Edin. vol. xxviii. (1879) p.. 478.

§ Heddle, loc. cit. vol. xxviii. (1879) p. 252.

II

Haughton, Dubl. Quart. Journ. Sc. vol. v. (1865) p. 94.

^ Sterry Hunt, Chem. & Geol. Essays, 2nd ed. (1879) p. 281.
** Dr. Heddle has arrived at the startling conclusion that not onfy is diallage

never found in . these rocks, but that in Scotland this mineral occurs only in

metamorphic rocks! (See Trans. Eoy. Soc. Edinb. vol. xxviii. (1879), p. 477
footnote.)

tt Trans. Roy. Soc. Edinbw vol. xxi. (1861) p. 633; also ' Scsnery and Geology
of Scotland' (1865), p. 210, footnote, and Murchison and Geikie s Geological

Map of Scotland, 1st edition, 1865.

Q.J. G.8. No. 163. 2 c
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igneous group. In 1865, Dr. Haughton paid a brief visit to Sk3'e,

and on his return expressed the same opinion concerning the origin

and age of these rocks *. That the Archaean age and metamorphic
origin of the rocks in question is no longer maintained by the fij'st-

mentioned author, is evident from several of his later writings f

;

nevertheless, the erroneous identification has been adopted by Dr.

Sterry Hunt J, who makes a strong point of it as supporting his

views concerning the chronological classification of rocks, based on
their mineralogical characters. It is but just, however, to this

author to conclude that his acquaintance with the rocks of Skye is

probably limited to hand-specimens.

The gabbros of the Inner Hebrides present, as I have already

shown, all the distinctive characteristics of igneous eruptive masses.

They are, as a matter of fact, remarkably free from all traces of the

foHated structure which is sometimes found superinduced in igneous

rocks of greater geological antiquity. In their general relations, as

well as in their structure, they present the most remarkable analogy

with the granites, of which they are clearly the representatives in

the basic series of rocks. Thus they form mountainous masses inter-

sected in all directions by the so-called " contemporaneous " or

" segregation " veins, and are sometimes studded with enclosures

composed of the same minerals as the rock itseK, but in diff'erent

proportions. These gabbro-masses become finer-grained and less

perfectly crystalline towards their edges, and they give off innumer-

able veins into the surrounding rocks, while the most striking eifects

of contact-metamorphism are seen in stratified materials lying in

juxtaposition with them.

The dolerites of the Western Isles of Scotland form smaller erup-

tive masses, and also great intrusive sheets which are not only seen

to be connected with the larger gabbro-intrusions, but graduate into

them in the most insensible manner. Some of the thickest of the

lava-flows are also dolerites, undistiuguishable in their characters

from the intrusive masses.

Locally, both gabbros and dolerites are found passing into perido-

tites by the gradual disappearance of the felspar and the increase in

quantity of the olivine. In this way the felspathic rocks are seen

graduating insensibly into the non-felspathic forms, and these latter,

in the island of Eum, cover vast areas and form the bulk of moun-
tain-masses thousands of Yeet in height. It is noteworthy that the

peridotites make their appearance not only in the deepest valleys of

E,um, but also on the top of Halival and other mountains in the

island which are between 2000 and 3000 feet high.

But there is another and very interesting mode of association of

the peridotites with the gabbros and dolerites, which is especially

worthy of notice. The peridotites are often found in segregation-

nodules in the gabbros, and occasionally segregation-nodules of

gabbro are found in the peridotites, the phenomena being strikingly

* Dublin Quart. Journ. Sci. vol. v. (1865), p. 94.

t A. Geikie, ' Text-Book of Geology ' (1882), p. 150.
+ Sterry Hunt, ' Chemical and Geological Essays,' 2ncl edition (1879), p. 279.
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parallel to those displayed by the granites, and so well described by
Mr. J. A. Phillips, F.E.S.* Still more frequently the so-called

" segregation " veins of peridotite are seen traversing the gabbro,

and similar veins of gabbro are found intersecting the peridotite

masses. IS^ot unfrequently, too, such veins are found composed of

picrite, eucrite, or troctolite. That these so-called "segregation"
or " contemporaneous " veins have been formed at different times is

shown by the fact that one vein is frequently intersected and shifted

in position by another. A beautiful example of this kind is illus-

trated in the annexed diagram.

Intersecting Veins of Gabbro and Dunite in Olivine EocJc, ^ nat . size

a. Olivine rock (dunite).

b. Olivine-gabbro vein traversing the same.

c. Segregation-nodule of felspathie rock.

d. Porphyritic dunite intersecting and shifting the gabbro-vein.

As is not uncommonly the case with such veins, the minerals in

them have sometimes a special arrangement of their own. Thus in

the case figured above, the olivine-gabbro-vein (6) has its felspar

grouped principally along the sides, and the augite and olivine in the

centre.

The relations of the gabbros and peridotites in the Western Isles

of Scotland seem to indicate that in the heart of these old volcanoes

the felspar, olivine, and augite tended to segregate in certaia cases

into masses of various dimensions ; and that these masses were, after

consolidation, fissured again and again, the fissures being injected by

different portions of the magma, which were still in a more or less

plastic condition.

The very close association of peridotites with gabbros is not by

any means peculiar to the district we are describing. In the Hartz,

in ITassau, in Baden, in Silesia, and in many other districts a similar

association of rocks prevails : and in many, if not all of these cases.

* Quart. Journ. Geol. Soc. vol. xxxvi. (1880) p. 1.

2*c2
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the pyroxenes and olivines of the felspathic and the non-felspathic

rocks exhibit the most striking resemblances.

To the similar relations between the altered peridotites (or ser-

pentines) and gabbros, which have been so frequently remarked
upon by Prof. Bonney * and others, I need do no more than make
a passing reference.

The constant association of serpentines, which are altered perido-

tites, with gabbros appears to have led to the supposition, a highly

improbable one, that the latter rocks can be changed into serpentine.

The fact that the felspathic rocks graduate so constantly into the

non-felspathic will fully account for the association of the hydrated

representatives of the latter class with the more or less altered

representatives of the former without the necessity of our having
recourse to the violent hypothesis referred to.

§ 2. Microscopic Strtjcttiee of the Kocks.

The larger intrusive masses of basic composition in the Inner

Hebrides are all perfectly Tiolocrystalline, and show no vestige of a

glassy basis or ground-mass. Nevertheless some very interesting and
distinctive structures are seen to be exhibited by them, when they

are studied in thin sections, under the microscope.

The structure usually displayed by the gabbros maybe defined

as granitic, that is to saj', they are built up of crystals, the deve-

lopment of the outward forms of which has been to a great extent

prevented by the growth in juxtaposition with them of other crystals.

We may perhaps conclude that in these rocks the separation in the

magma of the several minerals, felspar, augite, and olivine, took

place almost simultaneously.

Occasionally, however, the minerals of the gabbros have a ten-

dency to the formation of more or less rounded grains, and an ap-

proach to the grmiulitic structure is exhibited.

The gabbros vary greatly in the coarseness of their grain. In
Skye and Ardnamurchan, we find rocks made up of crystals an inch

or more in length, and every gradation is seen from these coarse-

grained rocks down to those in which the crystals are extremely

minute.

The dolerites, which are, as a general rule, finer-grained rocks,

exhibit two very interesting types of structare, which seem to be

worthy of careful study.

For the first of these I propose, following M. Michel Levy, to

employ the term opliitic structure, from its having been first noticed

in connexion with those interesting rocks, the ophites of the

Pyrenees f. Dr. A. Geikie has also described it as occurring in the

intrusive rocks of Carboniferous age in the central valley of Scotland $.

In this class of rock the augite is found crj^stallized in large patches,

* Quart. Journ. Geol. Soc. vol. xxxii. (1877) p. 915, vol. xxxiv. (1879)

p. 783 ; Geol. Mag. dec. ii. vol. vi. (1879) p. 370.

t Bvxll. Soc. Geol. d. Fr. 3rae ser. torn. vi. (1877) p. 156.

X Trans. Eojr. Soc. Edinb. vol. xxix. (1880) p. 495.
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which enclose well-formed crystals of felspar. The crystalline

continuity of these large patches of augite is shown by the broad

cleavage-fractures, which cause the rock to present a number of

brilliant faces reflecting light. Under the microscope the same fact

becomes still more obvious by the persistence of the cleavage-cracks,

and by the same optical relations being exhibited over considerable

areas, when the sections are viewed by polarized light.

Nowhere is this beautiful ophitic structure more admirably dis-

played than in the Shiant Isles, but in a less perfect condition it is

seen in the later intrusive masses of Sarsta Beinn in Mull*, and
many other localities. "While, on the one hand, the gabbros not

unfrequently exhibit some indications of an approximation to this

structure, it is also displayed in a far less perfect condition (semi-

ophitic structure) in some of the basalts. The careful examination

of these rocks with the microscope fully bears out my original

conclusion, derived from studies in the field, that the most perfect

transitions occur from gabbros through dolerites and basalts to basalt-

glass.

The other structure presented by the dolerites I have ventured

to designate as the porphyro-granulitic structure. The base of

these dolerites is composed of a mixture of lath-shaped felspars,

and small irregular grains of augite, and through this base large

porphyritic crystals of felspar and large grains of olivine are dis-

tributed in greater or less abundance. A very excellent example
of this structure is exhibited by the rock at Eu Geur in Skye t.

Some of the granitic gabbros exhibit a distinct approach to the

ophitic structure in the arrangement of their crystals, while the

granulitic gabbros graduate insensibly into the porphyro-granulitic

dolerites. Both the ophitic and the granulitic dolerites are found in

turn passing insensibly into basalts by the appearance of a more or

less glassy base between the crystals.

I propose to discuss the origin of these structures and the manner
in which they shade insensibly into one another, and also into the

structures characteristic of the basalts, in a subsequent paper devoted

to the description of the whole of the basic rocks of the Western
Isles of Scotland. It was necessary, however, to refer to the subject

here, as the peridotites in every case exhibit a structure analogous

to that of the gabbro or dolerite with which they are associated.

Thus a gabbro, by the disappearance of its felspar, is seen passing

into a peridotite of granitic structure ; and an ophitic dolerite, in the

same way, graduates into a peridotite with ophitic structure. In
PI. XIII. fig. 2 exhibits an example of the porphyro-granuHtic struc-

ture, figs. 5 & 6 of the granulitic, figs. 4 & 8 of the ophitic, and
fig. 7 of the granitic structures, as exhibited in rocks of the ultra-

basic class.

* Quart. Journ. Geol. Soc. vol. xxx. (1875) p. 264-266.
t Ibid. vol. xxxiii. (1878) p. 692. This dolerite, in its platy structure, so

closely resembles a phonolite, that from my examination in the field i was erru-

neously led to class it with those rocks.
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§ 3. MiKEEALS OF WHICH THE EoCKS AEE BTJILT UP.

As the species of minerals, and the different varieties of those

species, are the same in the peridotites as in the dolerites and gab-

bros of the Inner Hebrides, it will be necessary to give a detailed

account of them in the present memoir, the discussion serving not

only for the ultrabasic, but also for the basic rocks, which will be

described in a subsequent communication.

Much confusion has been introduced into petrographical literature,

in consequence of all the characters presented by minerals being

treated as if they had precisely the same significance. But while

some of the characters of the rock-forming minerals are original

and essential, others are, as certainly, secondary and accidental.

Moreover, the minerals, since their first crystallization, may have
undergone several series of changes totally dissimilar in kind, and
resulting from causes altogether different. It therefore becomes

necessary to distinguish not only the secondary from the original

characters, but to assign each of the secondary characters to its

proper cause. This is the task which I have endeavoured to per-

form in the case of each of the minerals which go to build up the

rocks now under discussion.

It will, I think, conduce to clearness, if I indicate at the outset

what appear to have been the original peculiarities of the several

minerals in these rocks, and show what were their physical proper-

ties and chemical composition in their unaltered condition. I shall

then proceed to describe the changes which, in certain situations,

they are found to have undergone, and to discuss the cause of these

changes.

The Felspars.—Plagioclase felspar, which constitutes one half, or

even more than one half, of some of the gabbros, and is equally

abundant in the eucrites and in the troctolites, becomes so rare in

many of the peridotites that it can no longer be regarded as an
essential constituent of them. But, as already stated, we find every

possible gradation from the most highly felspathic rocks to others

in which the felspar entirely disappears.

The crystals of the felspars vary greatly in size ; sometimes the

gabbros are fine-grained, almost compact rocks ; at other times they

are built up of crystals of great size, up to one or two inches in

length. As a rule, the most coarsely crystalline varieties are found

in the centre of the largest intrusive masses, like those of Skye and
Ardnamurchan. In the case of these large masses, the tint and
play of colours in some of the felspar-crystals suggest that they are

labradorite, and they were recognized as such by MaccuUoch as long

ago as 1819 *.

The tests of specific gravity, of fusibility, of the flame-reaction of

Szabo, and of the extinction-angle, as suggested by Levy and Eouque,
all point to the conclusion that these felspars are, in chemical com-
position, intermediate between labradorite and anorthite, in some
cases approaching the former, in other cases the latter species. Such

* A Description of the Western Isles of Scotland, vol. i. p. 413.
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analyses as have been made of these felspars entirely support this

conclusion. These analyses are as follows :

—

Fels_pars of Gahhros of the Western Isles, and the Xorth of
Ireland.

I. II. III. IV.
SiUca 53-60 50-811 49-155 45-87
Alumina 29-88 29480 29-620 34'73
Ferric oxide 022 0252 1*152

Lime 11-02 12690 15-309 1710
Magnesia 0-07 0124 0-911 1-55

Soda 4-92 3 922 2914
Potash 0-80 0-552 0695
Water 048 2481 0-730

100-99 100-312 100-486 9925

I. Is from Loch Scavaig, Skye. Analysis by Dr. Haughton,
Dubl. Quart. Journ. Sci. vol. v. (1865) p. 94.

(^he iron has been calculated as ferric oxide, so as to correspond

with the other analyses.)

II. Is also from Loch Scavaig, Skye. Analysis by Dr. Heddle of

specimen, consisting of a large crystal, bluish grey in colour, and
finely striated: specific gravity 2'715. Trans. Eoy. Soc. Edinb.

vol. xxviii. (1879) p. 253.

III. Is from Hart o' Corry in the Cuchullin Hills, Skye. Ana-
lysis by Dr. Heddle of a specimen of an unstriated variety occurring

in granules. Trans. Roy. Soc. Edinb. vol. xxviii. (1879) p. 253.

lY. Pelspar from the Carlingford 3tIountain, County Down : by
Dr. Haughton. Phil. Mag. ser. iv. vol. xix. (1860) p. 13.

While I. agrees very fairly with the analyses of typical labrado-

rites, III. approaches very closely in composition to anorthite, and
lY. is a perfectly typical anorthite ; in II. the proportions of lime

and soda are intermediate between those characterizing the two
species.

The presence of water, ferric oxide, and magnesia, indicates that

the felspar of these rocks has undergone a certain amount of altera-

tion, the nature and cause of which will be discussed in the sequel.

When studied by the aid of the microscope, these felspars but

rarely, so far as I have observed, exhibit examples of zoned structure.

Occasionally, however, we find evidence that the crystals are built

up of intergrowths of two different species of felspar—the well-

known " perthite-structure "' being produced. In the great majority

of cases, however, the optical uniformity of the crystals, when viewed

by polarized light, indicates that we are dealing with a homogeneous
substance, with definite optical" constants, a result in harmony with

those obtained by Max Schuster*.

Some of the felspars in these rocks exhibit in the most striking

manner the twin lamellae, which become very conspicuous when the

sections are viewed with the polariscope. But while certain crystals

* Tschermak's Min. Petr. Mitth. vol. iii. (1880) p. 117.
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display this structure in its most complete development, others are

quite destitute of it, and others, again, exhibit it in irregular and

interrupted portions of their mass.

At one time the presence of lamellar twinning was regarded by
petrographers as an essential characteristic of the plagioclase felspars,

and when untwinned or simply-twinned felspar-crystals were met
with, even in the most basic rocks, they were referred to ortho-

clase. But this view has now been generally abandoned, and the

late Dr. G. Hawes * has demonstrated that the most typical oligo-

clases, andesines, labradorites, and anorthites sometimes present no

trace whatever of lamellar twinning.

Much new light has been thrown by recent researches on the

manner in which twin lamellae may be produced in crystals ; and the

results of these investigations are worthy of the most careful con-

sideration by the petrographer and geologist.

As long ago as 1859, it was shown by Pfatf that remarkable

changes are induced in the optical properties of calcite when its

crystals are subjected to pressure t ; and in 1867 Prof. E. Reusch

demonstrated that by pressure applied in certain directions to these

crystals a definite lamellar twinning could be developed in them J.

In 1879 Baumhauer showed that the pressure necessary to bring

about this twin structure could be applied by simply forcing the

edge of a knife-blade in a certain direction into the crystal §, and

this conclusion was confirmed by the observations of Brezina ||.

l^ow calcite crystals, when freely developed, may attain the

largest dimensions without betraying any trace of this lamellar

twinning, as is seen in the case of ordinary Iceland-spar. But the

great majority of rock-forming calcite-crystals, even when of the

smallest size, like those occurring in crystalline limestones and
dolomites, for instance, exhibit this lamellar twinning in the most

striking manner.
Similar lamellar twinning is exhibited by many rock-forming

minerals, such as leucite, garnet, boracite, &c., and has led to many
speculations concerning the possibility of these crystals being re-

garded, not as the simple forms to which they were first referred,

but as examples of very complicated structures built up by polysyn-

thetic twinning and belonging to a lower order of symmetry.

. But certain recent investigations have thrown a new and unex-

pected light on this most interesting question. Mallard has shown
that boracite loses its twin lamellae when the crystals are heated to

the temperature at which they were originally formed ^. Merian
has proved that tridymite becomes optically hexagonal at high

* Proc. National Mus. 1881, pp. 134-136. See Smithson. Miscall. Collect.

vol. xxii.

t Pogg. Ann. vol. cvii. (1859) pp. 333-538.

X Pogg. Ann. Tol. cxxxii. (1867) ; ibid. cxli. (1872) ; also Proc. Rov. See.

Edinb. vol. vi. (1869) p. 136.

§ Zeitschr. Kryst. vol. iii. (1879) p. 588.

li
Ibid. vol. iv. (1880) p. 518.

^ Bull. Soc. Min. de France, vol. v. (1882) p. 144.
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temperatures *
; and, finallj^, Klein has demonstrated that leucite

loses its twin lamellae, and exhibits the isotropism of cubic crystals

at a very high temperature f.

The conclusion to which all these interesting results point is, that

the properties of a crystal formed at any given temperature may be

greatly modified when that temperature is altered. Thus leucite,

while contracting in cooling from the temperature at which it was
originally formed, becomes subjected to internal stresses and strains,

resulting in lamellar twinning, and even in that alteration of the

angular measures of the crystal so long ago pointed out byYom Eath.

Such being the case, the question which cannot fail to present itself

to petrographers is : May not the twin-lamellae of the plagioclase

felspars, like the similar structure in calcite, be not an original and
necessary character of the crystals, but one developed in them by
pressure or strain ?

There are not a few facts which support the hypothesis we have

just enunciated. Lamellar twinning is often altogether absent, as

we have already seen, in plagioclase felspars ; and in the case of the

rocks we are now studying, such untwinned plagioclase crystals are

especially found in certain veins. In other cases the lamellar twin-

ning is found affecting certain portions of the crystal only, and in

the most conspicuous manner. The twin-lamellae, too, often stop

suddeuly, or are replaced by narrower and more numerous, or

broader and less numerous ones, as is the case with lamellae arti-

ficially produced in calcite. Like the twin-lamellae in the rock-

forming calcite also, those of plagioclase-felspar are sometimes bent

in the most remarkable manner. Sometimes the same crystal is

found exhibiting two series of lamellar twinnings intersecting one
another, as is also the case with calcite. Perhaps the most striking

and significant circumstance of all is that where a felspar-crystal is

seen to be bent or compressed between other crystals in a rock,

the part of the crystal so affected will be traversed by twin-lamellae,

from which other parts of the crystal may be altogether free J.

That the tendency to that peculiar disposition of molecules which
constitutes lamellar twinning must exist from the first both in

calcite and in plagioclase felspars is, of course, freely admitted ; but
the rearrangement of these molecules in obedience to certain laws
seems to be determined by the application to them of external

mechanical forces. In great, slowly- cooling masses of rock, like

those in the centre of volcanic cones, composed of minerals having
different coefficients of expansion, not only in different crystals but
along different directions in the same crystal, we have forces at

work competent to produce those strains and stresses which have
beeli proved to be capable of inducing such a rearrangement of the

* Neues Jahrb. fiir Min. &c. 1884, i. p. 193.

t Nachrichten der Kon. G-es. d. Wiss. Gottingen, May 1884.

\ Admirable, illustrations of some of these appearances will be found in
Cohen's 'Sammlung von Mikrophotographien zur Veransehaulichung der
mikroskopiscben Structur von Mineralieu und Gesteinen,' taf. xxx. 2, 3, Ixxv.

1, 2, 4. See also xxxi. 1, 4, and xxx. 4.
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molecules ; and all the appearances presented by the lamellar

twinning of these felspars seem to me to be much more in harmony
with the view that it is so induced than with the supposition tha!t

the structure is an original one.

"With respect to the period at which these twin-lamellae were
developed in the crystals of j)lagioelase felspar, there is every reason

to believe that during the cooling-down of the crystals from the

high temperature at which they were developed, many such struc-

tures would arise ; for they are found alike in the felspars of arti-

ficially-formed rocks and in those of drusy cavities and open veins.

But the more carefully the positions and relations of these twin-
lamellae are studied, the more clearly does it become apparent that

external causes, such as the pressure of adjoining crystals and the

other accidents to which they have been subjected since their first

formation, have played no inconsiderable part in bringing about the

final result. In PL X. fig. 1, a crystal of felspar is represented,

which admirably illustrates these conclusions.

[At the time when this paper was read I was not aware of the

important series of experiments which had been carried on by Herr
Forstner, and which are described in the Zeitschr. fiir Krystall. &c.,

vol. ix. (1884) p. 333. Forstner took plates of the untwinned
plagioclase felspar of the rock from Pantellaria which he has de-
scribed, and by heating them to various temperatures and cooling

them again, he succeeded in developing the twin-lamellae, and even
in producing reentering angles on the edges of the plates similar to

those which have been artificially produced in fragments of calcite.

These experiments prove conclusively that the twin-lamellae of

plagioclase felspar can he developed by the application of mechanical

force ; and that they are constantly so produced in rock-masses, I

have in the foregoing pages given reasons for concluding.]

The Pyroxenes.—There has been a very great conflict of opinion

concerning the pyroxenes in the gabbros of the Western Isles of

Scotland. ITaccuUoch, while rightly identifying the pyroxene in

the great mass of these rocks as augite, stated that hypersthene

occurs in the Cuchullin Hills of Skye, in Ardnamurchan, and at one

point in the island of Eum *. In these statements he was perfectly

correct, but in going farther and describing the rock-masses of the

Cuchullin Hills and the western parts of Ardnamurchan as

hypersthene-rock, Macculloch fell into an error ; for in all these

rocks, as was pointed out by Zirkel, the predominant pyroxene is

diallage, the foliated form of augite, and not hypersthene. We
shall show, however, that augite frequently occurs in these rocks in

an altered form, which so curiously mimics the colour, lustre, and
general appearance of hypersthene that Macculloch's error was a

very natural and pardonable one.

Descloiseaux's researches in 1862 showed that the pyroxenes can

be divided into two groups, those in which lime is the predominant

base, crystallizing in the monoclinic system—the augites—and those

* A Description of the Western Isles of Scotland, vol. i. pp. 385, 390,

413, 503.
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in which magnesia is the principal base, crystallizing in the rhombic

system—the enstatites. Both of these classes of pyroxene are

represented in the basic rocks of the Western Isles of Scotland ; but

the angites occur by far the most abundantly.

In both the monoclinic and the rhombic pyroxenes we find a

series of varieties differing from one another by the proportion of

iron which they contain. The highly ferriferous varieties of both

minerals occur, however, most commonly in these rocks.

The augites are occasionally represented by varieties which ap-

pear bright green by reflected, and pale green by transmitted light.

Such forms, which resemble diopside, occur at several points in

the island of Mull, especially in Glen More, and at other points

near Carsaig. In the island of Rum, on the flanks and summits of

the mountains of Halival, Haiskeval, and Tralival, this green augite

is remarkable for the absence of regular crystalline forms and of

cleavage-cracks ; it often occurs in more or less rounded and
irregular grains resembling coccolite.

This green augite (diopside) of Halival, which was mistaken by
Jameson for pitchstone, has been analyzed by Dr. Heddle*, and his

analysis gives us a good idea of the composition of the least

ferriferous varieties of the augite of these rocks. The percentage

of alumina indicates that it lies on the border line between the

aluminous and the non-aluminous augites ; chromium does not

appear to have been specially sought for, but these bright green

augites greatly resemble the chrome-diopsides of the Iherzolites.

Silica 50-537

Alumina 3-348

Ferric oxide 1-338

Ferrous oxide 4-423

Manganous oxide 0-230

Lime 21-419

Magnesia 17-050

Potash 0-252

Soda 0-530

Water 0-706

99-833

In the great majority of these rocks, however, the augite is of a

black colour by reflected light, and when viewed in thin sections

exhibits various tints from light to dark brown.
Although no analyses have been made of these black augites of the

Scottish gabbros in their unaltered condition, yet the following ana-
lyses of the forms which have undergone the curious redistribution

of their materials described in this paper will no doubt serve to show
the general proportions of the several bases in different varieties.

* Trans. Roy. Soc. Edinb. vol. xxviii. (1879) p. 478.
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I. II. III. IV. V. VI.
Silica 51-362 50-80 53-046 51-936 51-30 49-268

Alumina 1-662 3-00 4-816 1-322 0-76 0-222

Ferrous oxide 8-968 9-61 11-389 13-900 13-92 14-080

Manganous oxide 0-332 1-08 0-078 0-250 0-25 0-381

Lime 20-837 1935 19-808 19-363 20-15 20-256

Magnesia 16-471 1506 11-576 13-850 14-85 14*812

Soda 0-66

Titanic acid 0-380

Water 0-540 0-60 0-626 0200 0-21 0719

100-172 100-16 101-339 101-201 101-44 99-738

I. Analysis by Heddle of an altered diallagic augite of green colour, specific

gravity 3-329, from Hart o' Corry, Cuchvdlin Hills, Skye (Trans. Eoy. Soc. Edin.
vol. xxviii. (1879) p. 479).

II. Analysis by Haughton of augite from Loch Scavaig. Skye (Dublin Quart.
Journ. Geol. Soc. vol. v. (1865) p. 95).

III. Analysis by Heddle of greyish green altered diallagic augite from
Corry na Creech, in the CuchuUin Hills, Skye, sp. gr. 3-329 {loc. cit.).

IV. Analysis by Heddle of brownish-green diallagic augite from Drum-na-
Eabn, in the Cuchullin Hills, Skye, sp. gr. 3-335.

V. Analysis by Vom Eath of diallage from Skye : see Eammelsberg, Hand-
buch der Mineralchemie, 1st ed. (I860) p. 465.

VI. Analysis by Heddle of dark-green diallagic augite from Loch Scavaig,

Skye, specific gravity 3-321 {loc. cit.). (Iron estimated as ferrous oxide.)

These analyses show that the black augite, which is the most
common constituent of the gahhros of the Western Isles has

a proportion of ferrous oxide, varying from 9 to 14 per cent., while

that of the green variety is only about 5 per cent. The lime

averages 20 per cent. ; but the proportions of alumina and magnesia

are somewhat variable. The black varieties occur usually in crystals,

which are sometimes of large size ; the green varieties also form
similar crj'stals but sometimes occur in more or less rounded grains.

The rhombic pyroxenes are very frequently present in these rocks,

but are in almost all cases subordinate to the monoclinic forms.

Owing to the confusion which has arisen with respect to the former

group of minerals, it will be necessary to discuss at some length the

question of the varieties which they present in the Western Isles of

Scotland. The minerals belonging to the group of the rhombic

pyroxenes which were first made known by mineralogists, and were
described under the names of hypersthene (paulite), bronzite, diacla-

site, and bastite, are all, as we shall show hereafter, in a more or

less altered condition—the rhombic pyroxenes being remarkably

subject to changes of several drfiferent kinds. But in the year 1855
Kengott discovered an unaltered mineral of the group, to which he

gave the name of enstatite *, and in 1862 Descloiseaux demonstrated

that it crystallizes in the rhombic system f. Shortly after this period

other forms of unaltered rhombic pyroxenes were discovered—proto-

bastite by Streng J, meteoric enstatite by Eammelberg § and Story-

* Sitzungsb. Akad. Wien, vol. xvi. (1855) 162. '

t Bull. Soc. Geol. Fr. ser. 3, vol. xxi. p. 135.

X Neues Jahrb. fiir Min. &c. 1862, p. 513.

§ Monatsber. d. Akad. Berl. 1861.
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Maskelyne, * amblystegite by Yom Rath f, and a similar niineral

from Mont Dore by Descloiseaux J.

The minerals found in an unaltered form at these different

localities were at first regarded as being excessively rare. But in

1879 Prof. Fouque showed that the lavas of Santorin contain in

great abundance an unaltered rhombic pyroxene which he referred

to hypersthene§. In 1883, Mr. Whitman Cross demonstrated the

existence and wide distribution of a large and important class of

lavas, distinguished by the presence in them of a rhombic pyroxene

which he also referred to hypersthene jj
. In the same year Mr. TeaU

and Dr. Petersen pointed out that certain British rocks from the

Cheviot Hills contain the same rhombic pyroxene 1[, and these,

as shown by the former author, are of especial interest as being

of pre-Tertiary age. Subsequent observations have shown these

rhombic pyroxenes to be among the most widely distributed of the

rock-forming minerals. Much attention was directed to them as

constituting an important constituent of the pumice thrown out by
Krakatoa during its last great eruption ; and they have been found

in the lavas of South America, Java and Sumatra, Japan, the

Philippine Islands, and many other volcanic districts.

Nor are the rhombic pyroxenes less common among the plutonic

than among the volcanic rocks. In the Schemnitz district the Ter-

tiary diorites and quartz-diorites ** frequently contain a considerable

proportion of the rhombic pyroxene, which, as in the associated

lavas, has been generally confounded with the hornblende. Teller

and Yon John have described an interesting series of rocks of the

same class from the Tyrolft, and the diorite of Penmaenmawr has

been shown by Rosenbusch and others to be an enstatite-diabase:J::|:.

The rhombic pyroxenes are bisilicates of magnesia and iron

(MgO, EeO) SiOg, in which the relative proportions of magnesia and
iron may vary to almost any extent. Lime is often almost wholly
absent, but appears to be capable of replacing, perhaps to a limited

extent, the other bases.

It is well known that the colour, the physical properties, and the

optical constants of varieties of the augites, the micas, and other

similar groups, are modified in the most remarkable manner by the

quantity of ferrous oxide or other bases in their composition. But
in the group of the rhombic pyroxenes the variations in character

dependent on composition are of the most extreme kind.

At one end of the series we have enstatite proper, a colourless

mineral without trace of dichroism ; but as the magnesia is replaced

* Trans. Eoy. Soc. vol. clx. p. 204. t Poggend. Ann. (1869), cxxxviii. 531.

J Manuel de Mineralogie, tome. ii. (1874) p, xviii.

§ Santorin et ses Eruptions (Paris : 1879).

II
Bull. U. S. Geol. Survey, no. i.

% Geol._ Mag. Dec. ii. vol. x. (1883) p. 346. J. Petersen, Mikroskopische
»und chemische Untersuchungen am Enstatit-Porphyrit aus den Cheviot Hills.

(Kiel, 1884).
** See Quart. Journ. Geol. Soc. vol. xxxii. (1876) pp. 292-325.
tt Jahrb. k-k. geol. Eeichsanst. vol. xxxii. (1882) pp. 589-584.

II Die massigen Gesteine, p. 352.
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to a greater extent by ferrous oxide, the mineral becomes of a more
and more pronounced brown tint with marked pleocbroism. With
the highest percentage of iron the mineral assumes a very dark
colour, and when examined in thin sections exhibits the most
startling pleochroism {a, brilliant red; b, duller red; c, bright
green).

There has arisen much confusion as to the names which should
be given to the different varieties of the rhombic pyroxenes. Most
authors call the non-ferriferous varieties " enstatite," the more
ferriferous kinds " bronzite," and still more highly ferriferous forms
" hypersthene." Tschermak has proposed that varieties with less

than 5 per cent, of ferrous oxide should be called enstatite, those with
between 5 and 15 per cent, bronzite, and those with more than 15
per cent, hj^persthene *. The strict application of this rule would,
however, necessitate a chemical analysis in each case before the
species or variety could be determined.

As a matter of fact, no two petrographers are agreed as to the
limits between enstatite and bronzite, and between the latter mineral
and hypersthene. Thus the mineral of the andesite of the Cheviot
HiUs, regarded by Mr. Teall as hypersthene, is, by Dr. Petersen,

who carried on his investigations in Prof. Eosenbusch's laboratory,

classed as bronzite t. The similar mineral found in the pumice of

£rakatoa is called hypersthene by many authors and bronzite by
others. The minerals classed as enstatite, bronzite, and hypersthene
respectively by Eammelsberg J do not conform to the rule laid

down by Tschermak as to the chemical composition of these varieties.

The gabbros and peridotites of the Western Isles of Scotland
contain all the varieties of the enstatite group, in both their altered

and their unaltered forms ; and these permit a careful study of the
whole series of minerals. Through the replacement, to a varying
extent, of a part of the magnesia by ferrous oxide, very distinct

varieties are produced ; but, inasmuch as the crystalline form remains
the same, it wiU be convenient to treat the rhombic pyroxenes like

the monoclinic pyroxenes (" augites "), and give them a common
name. I think there can be no doubt that the common name for

these rhombic pyroxenes should be '' enstatite," for this was the

first unaltered rhombic pyroxene which was detected and described

by mineralogists. I believe that this is also the view taken by
Prof. Eosenbusch.

As, however, the variation in the relative proportions of magnesia
and ferrous oxides in these minerals leads to such startHng differences

in their appearance and optical properties, it may be necessary to

use a number of varietal names—like those employed in the case

of the monoclinic pyroxenes—diopside, common augite, and heden-
bergite.

As the enstatites were till quite recent years entirely unknown to

mineralogists in their unaltered forms, a difficulty arises in selecting

* Tschermak, 'Lehrbuch der Mineralogie' (1884), p. 436.

t See Geol. Mag. Dec. ill. vol. i. (1884) p. 227.

J Handbuch der Mineralcbemie, 2rid ed. 1875, pp. 382-385.
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appropriate names by which to designate the several varieties.

The modifications of the ferriferous enstatites known as bronzite and

hypersthene (paulite) respectively, are, as I shall show hereafter,

alteration-products, and the structures which characterize them are

by no means rigidly confined to varieties of a particular chemical

composition.

The unaltered crystals of the rhombic pyroxenes diiFer so strikingly

in their appearance and optical properties from those of the same
composition in an altered state, that it is misleading to designate

them by the same varietal name. Possibly the difiiculty may be
got over by following the example set by Streng in the case of

bastite, and calling the unaltered forms of the minerals bronzite

and hypersthene respectively proto-bronzite and proto-hypersthene.

Accepting also the ordinary convention, that the name bronzite

belongs to the less ferriferous, and the name hypersthene to the

most ferriferous varieties, we may then perhaps indicate the chief

types of the unaltered rhombic pyroxenes as follows :

—

(1) Non-ferriferous enstatite (enstatite proper) containing less

than 5 per cent, of ferrous oxide. A colourless or nearly colourless

mineral destitute of pleochroism. Hardness 5 to 5'5. Specific

gravity 3-1 to 3-2.

(2) ferriferous enstatite (proto-bronzite). "With a percentage

of ferrous oxide ranging from 5 to 15. Pale coloured, with feeble

pleochroism. Hardness about b-b. Specific gravity 3*2 to 3*3.

(3) Highly ferriferous enstatite (proto-hypersthene). With a

percentage of ferrous oxide ranging from 15 to 2b. Darker coloured,

with strong pleochroism. Hardness about 6. Specific gravity 3*3

to 3-4.

(4) Excessively ferriferous enstatite (amblystegite). With a

percentage of ferrous oxide ranging from 25 to 35. Dark coloured,

with intense pleochroism (colours from deep red to vivid blue-green).

Hardness 6 to 7. Specific gravity 3'4 to 3*5.

While the crystalline forms and the goniometric measurements
show no difi'erences in these several varieties, the positions of the

optic axes and other characters undergo great modifications ac-

cording to their chemical composition.

The last named of these varieties of the enstatite group has not
received the attention which it deserves. I have recently found
that it occurs by no means rarely as a rock-constituent. Not only

is it found, both in. its unaltered and in its altered state, in the

gabbros of the Western Isles of Scotland, but it occurs in the Newer
Palaeozoic lavas of Porfarshire and in the diorites of western
Sutherland *. It is a widely distributed mineral, for I have found
it in rocks from Norway, Saxony, southern India, western Africa,

and the Solomon Islands, forming an important constituent of

gabbros, diorites, quartz-diorites, andesites, and certain interesting

ultra-basic rocks, while it appears to be almost always present,

* [I am indebted to my friend Mr. Teall for calling my attention, since

the reading of this paper, to the rocks of this and several other localities in

which the mineral in question occurs.]
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sometimes in considerable quantities, in the so-called trap-grannlites,
the diallage-grannlites, and other similar rocks all over the globe.
The analyses which have been made of these excessively ferriferous

cnstatites are as follows :

—

I. II. III.

Silica 49-80 48-2 51-348
Alumina 505
Ferrous oxide 25-60 28-4 33-924
Manganous oxide ... 5-2

Magnesia 17-70 16'7 11-092
Lime 0-15 1-5 1-836
Water 0*500

98-30 100-0 98-700

I. Is the analysis byYom Rath of the original " amblystegite " of the Laacher
See. (Pogg. Ann. cxxxviii. (1869), p. 531.) i

II. Is an analysis by Laurent of the dark-coloured enstatite found in cavities

of a rock enclosed in the trachyte of the Rocher du Capucin, Mont Dore,
quoted by Descloiseaux (Manuel de Mineralogie, tome ii. p. xviii.).

III. Is the analysis of the altered form of the same mineral, which will be
referred to hereafter as occurring at Loch Ooruiskh, in Skye. The analysis was.
made by Muir and published by Thomson (' Outlines of Mineralogy,' 2nd ed
(1822). vol. i. p. 202.

Although Prof. Yom Eath withdrew his name of " amblystegite '^

when he found from Yon Leng's researches that all the planes of

its crystals were represented in the enstatite of the Breitenbach

meteorite *, yet if it be necessary to have a varietal name for these

excessively ferriferous and strongly pleochroic enstatites, it would
seem desirable to revive this term rather than to invent a new one.

The amblystegites differ from the ordinary hypersthenes in their

unaltered state (proto-hypersthenes) quite as strikingly as do the
latter minerals from the unaltered bronzites (proto-bronzites), or as

these last do from the enstatites proper. In microscopic sections of
rocks the wonderfully vivid pleochroism, which gives rise to colours

varying from a rich garnet red to a vivid blue-green, is its most
striking characteristic, and serves to distinguish it from all other

rock-forming minerals. The only other rhombic mineral with
characters which at all approach it is andalusite ; but in practice the

distinction of these two minerals is perfectly easy.

Among the remarkably fresh minerals of the Tert-iary gabbros and
peridotites it is possible to recognize all the varieties of the enstatite

group.

In the island of Kum, we find a perfectly colourless rhombic
pyroxene, occurring in irregular grains with a colourless olivine

and the brilliant green diopside already described. In its perfectly

fresh condition this enstatite can only be discriminated from olivine,

also a rhombic mineral, with the greatest difficulty. The fine

striation relied upon for the distinction of the two species is a

* Neues Jahrb. fiir Min. &c. 1871, p. 642.
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result of alteration, and is not found in perfectly fresh forms of the

mineral. In some cases I have only heen able to verify the presence

of enstatite by a micro-chemical method. In thin slices and in the

powder of the rock the olivine is attacked by long digestion in strong

hydrochloric acid, while the enstatite remains unchanged.

In other districts of the Western Isles of Scotland we find more
ferriferous varieties of enstatite which must be referred to proto-

bronzite and proto-hypersthene. Usually, these are in a more or less

altered condition. In very few cases, so far as I have seen, is

the enstatite the principal pyroxenic constituent of the rock, but it

is subordinate to the augite. In small patches of these rocks, how-
ever, the augite ma}- become subordinate to the enstatite, while

occasionally the former mineral may be altogether wanting, the rock

thus passing into a norite or hjpersthenite.

Occasionally the dark colour of the mineral, when seen in the

thinnest sections by transmitted light, and its strikingly vivid pleo-

chroism, indicate that we are dealing with the excessively pleochroic

enstatite, amblystegite (see PL XI. fig. 7). That Macculloch was
acquainted with the altered forms of the enstatite in these rocks,

I have the clearest evidence. A specimen given by Macculloch

to the late Mr. Majendie passed into the hands of Mr. Warington
Smyth, and by him was placed in the collection of the IN^ormal

School of Science and Royal School of Mines. An examination of

the optical properties of this specimen shows it to be a rhombic

and not a monoclinic pyroxene.

Intergrowths of the monoclinic and rhombic pyroxenes occur not

unfrequently in the gabbros and peridotites of the Western Isles of

Scotland, and crystals of the one mineral are sometimes found

enclosed in the other. I have not, however, detected examples of

the twin-intergrowths of the two minerals described by Trippke *.

The Olivines of the gabbros and peridotites of the Western Isles

of Scotland appear, like the associated augites and enstatites,to belong,

in some cases, to the most highly ferriferous varieties. Seen in

thin sections under the microscope, these olivines are often found

to be by no means colourless, like most of the olivine of basalts,

but exhibit a yellow tint similar to, but not so intense as, the

tint of the fayalite in eulysite. Such deep-coloured olivines are

abundant in the Shiant Isles.

Some of the olivines of these rocks are perfectly fresh and un-
weathered, but occasionally the mineral shows incipient traces of

scrpentinization along its cracks. Occasionally another kind of

change has taken place resulting in the mineral acquiring a yellow

tint along its fissures, which causes it to assume the colour and

aspect of chondrodite. Similarly altered forms of olivine from the

Kaiserstiihl have received the names of "^ chusite " and " limbelite *'.

An analysis of this curiously altered olivine from the summit of

Halival in the island of Hum, was made by Dr. Heddle and is as

follows t (its specific gravity was found to be 3-327) :

—

* Neues Jahrb. fiir Min. &c. 1878, p. 673.

t Mineralogical Magazine, vol. v. (1884) p. 16.

Q. J. G. S. No. 163. 2 d
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Silica 38-006

Alumina 0-286

!Ferric oxide 2-933

Perrous oxide 18-703

ITanganous oxide 0-100

Lime 0*336

Magnesia 38-000

Water 1-587

99-945

This analysis indicates a very ferriferous olivine approaching in

composition to the variety known as hyalosiderite.

The SjpinelUds.—Among the essential minerals of these rocks are

the minerals which have been grouped hy Fouque and Levy under
the convenient name of the spinellids, namely magnetite, chromite,

and picotite. These minerals, which are isomorphous, have now
been shown to pass into one another, by insensible gradations as the

proportion of chromic acid varies *. The first is opaque, the two
others more or less translucent and of a brown colour. Magne-
tite is the mineral which is usually found in the gabbros ; chromite

and picotite in the peridotites.

It may be mentioned that, as has been proved by Dr. Hodgkinson,

of the I^ormal School of Science, all these rocks contain copper.

It is probable that nickel and cobalt are also present in varying

quantities, as well as chromium, manganese and iron ; but in

ordinary analyses no attempt is made to isolate the oxides of these

metals.

Biotite—represented usually by a highly ferriferous and very

dichroic variety, is among the most common of the accessory minerals

of these rocks ; in some cases it becomes so abundant as to deserve

to be regarded as an essential constituent of the rock.

Metallic Iron.—By the employment of Prof. Andrew's method,

Mr. J. T. Buchanan has succeeded in proving that some of the iron

in the gabbros of the Western Isles of Scotland is in a metallic

condition.

§ 4. The Changes whics the Mikeeals or these Eoce:s have
IWDEEGONE at GeEAT DePTHS EEOM THE StJEFACE.

The great intrusive masses of the West of Scotland are of especial

interest to geologists, inasmuch as they afi'ord us an opportunity of

studying the conditions assumed by the same minerals under

varying conditions of depth and pressure.

The intrusions of basic rocks in Mull, Ardnamurchan, Eum, and
Skye were originally of very different dimensions, those of Skye and

Ardnamurchan being the largest, that of Mull coming next in size,

* Renard, Eep. Voyage H.M.S. ' Challenger,' vol. ii., Narrative, " On the

Petrology of the Eocks of St. Paul," p. 10 ; Wadsworth, Mem. Mus. Comp.
Zool. Harvard, vol. xi. (1884) p. 176.
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while that of Rum is the smallest among the principal volcanic

centres. Of still smaller intrusive masses, however, we have

many examples, among which may be specially mentioned those of

Sarsta Beinn in Mull, and the Shiant Isles, north of ^kyo.

These intrusive masses are fully exposed to our studj^, even their

central portions being laid bare by denudation ; and the results

obtained by a comparative study, by the aid of the microscope, of

examples derived from corresponding portions of masses of different

size and of different portions of same mass, are of very great

interest.

If my interpretation of the geological structure of the district be

correct, it is a necessary inference that while the rocks of the CuchuUin
Hills of Skye about Loch Coruiskh, and those forming the western

extremity of Ardnamurchan, once existed at a great depth from the

surface of the volcanoes of which they formed a part, the similar rocks

forming the mountain masses of jMuU and Rum existed at a smaller

depth and under less pressure. Now I shall show that the several

minerals of these rocks, when they have formed parts of masses at

great depths from the original surface, often exhibit very striking

and suggestive differences in their characters from those which
have existed at smaller depths.

It will further be demonstrated that a precisely similar series of

differences can be traced when the several minerals are followed

from the more superficial to the more profound portions of each

intrusive mass.

"We shall describe minutely these changes in the case of each of

the minerals forming these rocks. In these Tertiary rocks the

question is fortunately not complicated or obscured by alterations

which have been set up by weathering action ; for, as a rule, the

minerals are strikingly fresh and unaltered.

The Felspars.—The felspars of the more superficial portions of the

intrusive masses, and also those in the smaller intrusions and
apophyses, are usually remarkable for their strikingly clear and fresh

appearance. Under the highest powers of the microscope they are

seen to be traversed by many fine cracks, while a few cavities, some
of which contain liquids with moving bubbles, are scattered through

them. In such cases it may perhaps be inferred that the cavities

were formed during the original development of the crystal, and
that the cracks are due to the contraction of the mass during its

cooling from its original high temperature.

In the felspars of rock-masses which were originally more deeply

seated, this perfect clearness seems to be quite lost. Cavities,

some of which contain liquid with spontaneously moving bubbles,

are present in enormous abundance. Prof. Zirkel has already re-

marked on the extraordinary abundance t)f such enclosures in the

felspars of the gabbros of Mull*. What is of especial interest

however, is the fact that these cavities in many cases are seen to lie

in fissures, or in bands parallel to fissures, in the crystal, and to

be connected by minute ramifying tubular processes. In many
* Zeitschr. d. deutsch. geol. Gesell, vol. xxiii. (1871) p. 59.

2d 2
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cases, where no fissures can be detected, we find the crowding of

cavities along hands similar to those which accompany the actual

cracks. The explanation which I would propose to account for

these interesting appearances is as follows :—When any part of a

crystal is subjected to abnormal strain (and that such strains, re-

sulting eventually in the fracture of the crystals, must be constantly

set up in rock-masses is evident), then, according to a well-known
physical principle, solvent action will be promoted along such bands
of strain, and cavities containing liquids will be formed. Subse-

quently, and perhaps partly in consequence of the formation of the

numerous cavities, actual rupture may take place along this band,

which was first a plane of strain, and which, by the solvent action,

has been converted into a plane of weakness in the crystal. This

explanation also accounts for the fact that the same band of cracks

may be found traversing a number of adjacent crystals in a rock.

Similar facts have been noticed by Yogelsang, Kalkowsky, Jullyan,

Phillips, and other authors (see PI. X. fig. 2). In some cases the

liquid-enclosures are so numerous that the supersaturated solutions

in them can be detected by chemical methods. If a crystal full of

liquid-enclosures be carefully washed and, after being crushed,

treated with distilled water, the liberated sulphates and chlorides

will give distinct precipitates with chloride of barium and nitrate of

silver. In many cases the enclosures are now seen to be filled up
with solid substances, as was pointed out to be the case in the rocks

of Brittany by Mr. C. Whitman Cross * (PI. X. fig. 3).

At still greater depths, as in the rocks of the CuchuUin Hills and
the western extremity of Ardnamurchan, a more or less complicated

avanturine structure is exhibited by the felspar. Minute black rods

and plates are seen to be developed along one, two, three, four, or

even more planes within the crystal. The planes along which
these enclosures are formed appear to be parallel to the macropina-

coid, the brachypinacoid, the two prism-faces and the basal plane

(see PL X. figs. 4, 5, 6) : and the planes exhibiting these pecu-

liarities appear to be affected in the order in which we have named
them.

The dimensions of these brown rods and plates, enclosed in the

felspar crystals, vary within very wide limits. Occasionally they

are sufficiently large to be seen by the naked eye ; usually they are

of microscopic dimensions, while they sometimes require the use of

the very highest powers to discriminate their forms and characters.

In Ardnamurchan and Skye we find examples of gabbros in

which the felspars exhibit a brown tint, and in thin section the

colour of the crystals is seen to be due to the existence of nebulous

masses of foreign materials distributed irregularly through them.

The highest microscopic oT^jectives at my command only just serve

to partially resolve these nebulous masses into series of rods and
plates, arranged along certain planes within the crystal, and only

distinguished from those already described by their smaller dimen-
sions (see PI. X. fig. 7).

* Min. und petr. Mitth. vol. iii. (18S0) p. 374.
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From these iuclusions, -srhich are of such minuteness as oul}- to

be imperfectly seen with the highest powers of the microscope, it is

easy to make the transition to others which are absohitcly ultra-

microscopical, but which can be detected by the effect which they

produce on the light-waves that traverse the crystal.

In this way we are led to the understanding and interpretation

of another peculiarity possessed by the felspars in the most deeply

seated masses, which is especially worthy of notice. Such felspars

not unfrequently display the vhatoycuit effects so characteristic of

some of the labradorite from Labrador, while the felspars formed at

less depths never exhibit this peculiarity.

According to Breithaupt, the labradorite exhibiting a play of

colours has a different density from the varieties without that

peculiarity ; and Yon Bonsdorf has shown* that while the former has

a percentage of silica of 57, the latter has one of only 52.

The researches of Eeuschf, Schraufi, and many other investigators

have shown that this ])jay of colours is due to a series of thin plates,

developed along certain planes within the crystal. These plates

appear to be of ultra-microscopical dimensions, but by producing

interference give rise to the exquisite play of colour exhibited by
brachydiagonal sections of the crystal when held in certain positions.

Although it is impossible to trace the structure to which this

peculiarity is due by means of the microscope, yet the circumstance

of its being exhibited only in the felspar of deep-seated rocks is of

great significance when considered in connexion with the other

phenomena which we have just described.

By the study of a large number of examples, it is clearly seen that

these changes are quite independent of the passage through the

crystals of water from the surface, which produces kaolinization, and

sometimes leads to the penetration of serpentinous and other decom-

position-products, along lines of fissures into the interior of the felspar

crystals. These and other important alterations which have been

superinduced in the felspar-crystals of these deep-seated rocks, sub-

sequently to their original formation, we hope to discuss in a future

paper. The difi'erent changes we have been describing, like the

analogous ones in the pyroxenes and olivines, are, however, clearly

related to the depth from the surface at which the rocks were

originally situated, the greatest change being in every case displayed

by the most deeply seated rock-masses.

The Pyroxenes.—Both the monoclinic pyroxenes (augites) and the

rhombic pyroxenes (enstatites) exhibit in a very striking manner
the effects of alteration when they form parts of rock-masses

originally situated at great depths from the surface.

By the old German miners the name of " Schiller-spar " was
given to those mineral substances which exhibit a " Schiller " or

sheen, ^. e. a submetallic reflection when the crystal is held in

certain positions. Freiesleben and the early German mineralogists

* Jahrb. fiir Min. &c. (1838) p. (581.

t Poggend. Ami. vol. cxvi. &c.

+ Sitzungsb. der k. k. Akad. Wien, vol. Ix. (1869).



378 PEOr. J. W. JFDD OlS" THE TEETIARY AND

adopted the term " Sehiller-spar " as the name of a mineral species ;

bnt Ereithaupt, Haidinger, and Haiiy, by dividing the Schiller-spars

into species like diallage, diaclase, bastite, and hypersthene, showed
that they had recognized the fact that many different minerals may
exhibit the peculiar reflection of Schiller-spar.

It is now recognized that many varieties, both of the monoclinic

and of the rhombic pyroxenes, under certain circumstances, may
exhibit this peculiar appearance. The different kinds of pyroxene,
with the corresponding " Schiller " varieties, may be classed as

follows :

—

Unaltered forms. " SchiUer " varieties. More altered form,

j
Enstatite proper. Diaclasite ? Talc (?)

Enstatites, I Proto-bronzite. Bronzite. "l -p -•,

Ehombic. ^| Proto-hypersthene. Hypersthene. J
±5astite.

i_ Amblystegite. Hypersthene.

AuGiTE,
JAig^tetroper.l

Diallage and Green dialiage.

Monoclmic.
| Hedenbergite. J

Pseudo-hypersthene. Smaragdite, &c.

The " Schiller "-varieties of pyroxenes, when examined in thin

sections under the microscope, are seen to owe their peculiar appear-

ance to the presence in them of a great number of enclosures, in the

form of thin plates or delicate rods, arranged along one or more sets

of parallel planes within the crystal. When the crystals are held

in certain positions, the numerous enclosures, which exhibit various

grey, yellow, and brown tints, and possess a submetallic lustre,

reflect the light traversing the transparent portions of the crystal,

and by this reflection give rise to the " Schiller" phenomenon.
The crystals of augite like those of felspar exhibit the first traces

of alteration along the incipient cracks, whether due to cleavage or

other causes, which traverse them. Along these incipient cracks

and in bands parallel with them, cavities make their appearance,

some of these cavities containing liquids with moving bubbles, while

others enclose solid materials (see PI. XI. fig. 1). While the

augites of the superficial rocks contain but few of these enclosures,

they become exceedingly numerous as we trace the augite crystals

to greater distances from the original surface. It is therefore

impossible to doubt that these cavities formed in networks along

the incipient cracks of the crystal are, like the similar ones de-

scribed in the felspars, of secondary origin. They have probably

been formed by the solvent action of the fluids which now fill them,

acting under the enormous pressures consequent on their original

depth from the surface.

Both the green augites (diopside) and the black varieties (common
augite) of the Western Isles of Scotland are found, when traced into

the more deeply seated masses, to pass gradually into the " Schiller
"

varieties known as diallage and pseudo-hypersthene. That this is

the result of a secondary modification is proved by the fact that the

alteration of the crystals is seen in many cases to be confined to

their outer portions, so that a nucleus of ordinary augite is sur-
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rounded by a shell of diallage (see PL XI. fig. 3) ; in other cases

the alteration of the augite into diallage is seen to take place

along cracks, due to cleavage or other causes, -which intersect the

crystal (see PI. XI. fig. 5) ; in other cases, again, the alteration

into diallage is found to occur in irregular patches within the

augite, though the cause of the distribution of these altered patches

may not be manifest from a study of the thin section.

Although the alteration of the augite may be set up along the

cleavage-cracks of the crystals, j^et the position of the brown
enclosures bears no relation to the principal (prismatic) planes of

cleavage in the mineral. On the contrary, the enclosures appear to

be developed in planes parallel to the orthopinacoid planes, in which
only a very imperfect cleavage exists in augite *.

In the island of Rum, the augite, though exhibiting the first traces

of the development of the structure which is characteristic of diallage,

is seldom so far altered as to deserve being called by that name.
In the larger igneous masses of Mull, the augite in all the central

portions is in the condition of diallage, as was pointed out by Zirkel.

Between rocks in which the augite is entirely unaltered, and those

in which it is completely transformed into diallage, every possible

transition may be found.

In the central portions of the largest intrusive masses, those of

Skye and Ardnamurchan, the augite exhibits a still further modifi-

cation. In addition to the enclosures along the planes parallel with

the orthopinacoid, other enclosures make their appearance in planes

cutting these at an angle of 87|°, or parallel with the clinopinacoid.

The ordinary sections in which these two sets of enclosures are seen

intersecting one another at difi'erent angles, according to the

direction in which the sections traverse the crystals, present a

singular " cross-hatched" appearance ; but it is easy to trace every

gradation from the variety with enclosures developed along one set

of planes, to that in which they appear along two sets of planes.

Frequently another set of enclosures may be detected as making their

appearance along a third set of planes, which appear to be parallel

to the basal plane t (see PI. XI. figs. 4 & 6).

It is especially noteworthy that the colour, lustre, and general

* The curious augite of the Wbiu Sill, described by Mr. Teall (Quart. Journ.

G-eol. Soc. vol. xl. (1884) pp. 647-650) as presenting a foliated structure parallel

to the basal plane, not improbably owes its peculiarity, as suggested by Prof.

Eosenbusch, to an intergrowth of different minerals, or possibly to lamellar

twinning on those planes of ultra-microscopical dimensions. (SeQ also Vom
Rath, Zeitschr. fiir Krystall. &c., vol. v. (1881) p. 495.) Prof. Eosenbusch
is inclined to regard the foliation of diallage as connected with the existence of

lamellar twinning parallel to the orthopinacoid (Mikroskopische Physiographie,

vol. i. p. 303), a view which does not appear to be shared by most other petro-

graphers. The enclosures in planes parallel to the orthopinacoid in augite,

though the first formed, usually exhibit a tendency to indefiniteness and irregu

larity not seen in those pai'allel to the clinopinacoid and the basal plane.

t Tschermak has pointed out that the foliation-planes in diallage sometimes
deviate by as much as 15*^ from the true orthopinacoid, and suggests that this

may be the result of pressure. A similar but smaller divei'gence from sym-
metrical development of the foliation planes is said to occur in hypersthene.
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aspect of the augite-crj-stals is completely altered by the development
within them of these enclosures. The green and black augite

acquires a greyish or brownish grey tint and a submetallic lustre

along the planes of foliation. In this condition diallage is exactly

analogous to bronzite in the series of rhombic pyroxenes. These
characters appear to be intensified by weathering action, which seems
to act with great facility along the planes of foliation, giving rise to

the formation of laminee of calcite and other secondary minerals,

as was pointed out both by Tschermak and Boricky. Under these

circumstances the green variety of diallage has its origin in a partial

conversion of the augite-substance into hornblende, with other

accompanying changes.

The development of two or three sets of enclosures in mutually
intersecting planes causes the crystals of augite to acquire the deep-

brown tint and the bronzy lastre of common hypersthene (paulite).

In this condition the mineral has received from Dana the name of

" pseudo-hypersthene." In its microscopic characters, no less than in

its colour and lustre, it exhibits such a striking resemblance to the

altered forms of the rhombic ferriferous enstatites (the substance to

which the name of hypersthene was originally applied) that we
may cite it as a very remarkable example of mimicry in the mineral

kingdom.

The enstatites, and especially their more ferriferous varieties,

exhibit the same development of enclosures along certain planes

which is found among the augites. Sometimes one such set of

planes is developed, and the result is a mineral identical in character

with the bronzites and bastites ; at other times two or more sets

of such enclosures are developed along mutually intersecting planes,

resulting in an appearance like that of the typical Labrador hyper-

sthene or paulite. As already pointed out, such a variety was
certainly collected by Macculloch in the Cuchullin Hills of Skye, and
the same mineral was probably analyzed by Muir.

In the rock of Coruiskh the very highly ferriferous enstatite (ambly-

stegite) occasionally occurs in a perfectly unaltered state. It then

appears as a mineral of a rich brown colour, which, in thin sections,

shows the striking dichroism akeady referred to, the colours changing

from a rich garnet-red to blue-green. In other crystals, however,

the commencement of change is exhibited by the development of

enclosures along planes parallel to the brachypinacoid (see PL XI.
fig. 9). The ferriferous enstatites having one set of interpo-

sitions developed within them, exhibit the submetallic reflections

and the striated appearance under the microscope so characteristic of

diallage. It is not surprising therefore that the foliated enstatite

(bronzite) and the foliated augite (diallage) have been so frequently

mistaken for one another.

In many cases a second, third, and even a fourth set of enclosures

are seen to be developed within the enstatite crystals, in planes

parallel to the macropinacoid, and the prismatic faces (see PL XI.
fig. 8). We thus get the structure produced which is so well

known as being characteristic of the original hypersthene (paulite)
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of Labrador. The developDient of the additional series of enclosures

causes the mineral to assume a much darker brown tint, while the

submetallic reflections become less pronounced.

It does not, however, appear that the presence of one series of

enclosures is absolutely characteristic of the less ferriferous ensta-

tites. and that the two or more sets of enclosures are confined

to the more highly ferriferous varieties. On the contrary, the same

crystal may be altogether free from enclosures in one part, may
exhibit one set of enclosures in another part, and thus assume the

appearance of bronzite, while at certain points within the crystal a

second and a third set of enclosures may appear, and the hyper-

sthene structure be produced (see PI. XI. fig. 5). Other things

being equal, however, the bronzite-structure is perhaps more likely

to be produced in less ferriferous varieties, and the hypersthene

structure in the more ferriferous. It is probably too late now to

prevent the use of the terms bronzite and hypersthene for varieties

differing in comijosition, otherwise it would be well if the names
could be applied to distinguish these differences of structure. The
parallelism between the varieties of the monoclinic aud rhombic

series of pyroxenes is complete. In the one series we have a perfect

"mimicry" of the members of the other series :

—

Common Augite corresponds to Perriferous Enstatite.

Diallage corresponds to Bronzite.

Pseudo-hypersthene corresponds to Hypersthene.

The slight differences of colour between diallage and bronzite, aud
between pseudo-hypersthene and hypersthene, are not sufficiently

constant to be relied upon for the discrimination of these minerals

;

the only certain means of distinguishing between them being the

measure of the cleavage-angle, or the determination of the extinction-

angle in the sections for indicating their system of crystallization.

We have seen that diallage is prone to a further change by
the conversion of the augite-substance into green hornblende, and
even the separation of calcite along its foliation- planes. By the

commencement of this change we get the beautiful green diallage

;

while its completion results m the formation of smaragdite, actinolite,

or similar amphiboles.

The enstatites are still more susceptible to changes of the same
kind, but the resulting product is altogether different. By taking

up water the enstatite substance of the crystal becomes more or

less converted into green serpentinous or steatitic substances.

The greater ease with which the enstatites undergo alterations of

this kind than do the augites, is shown by the fact that while the

diallage of the Hebridean gabbros and peridotites is almost always
unaltered, the enstatites associated with them nearly always exhibit

the first symptons of decomposition, and are not unfrequently
entirely converted into the hastite-modidiCSitioii.

The Olivines.—A change analogous to that taking place in the

felspars and pyroxenes, is found affecting the olivines when they are

traced to great depths from the surface. This change consists in the
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separation of a black or dark brown, usually opaque, substance,

probably magnetite and other iron-oxides, along certain planes

within the crystals. But in the olivines the separated material

assumes ver}' peculiar and highly characteristic forms. In 1871
Prof. Zirkel, in describing the olivines of the gabbros of Mull, pointed

out that they contained great numbers of blackish or brownish
needles arranged in curious combinations, of which he gave

a drawing*. Prof. Zirkel insisted on the fact that similar ap-

])earances are never found in the olivines of basalt, but that they

occur in the olivines of many gabbros like those of Yolpersdorf, the

Yalteline, and other localities. He also pointed out the fact that

these dark inclusions sometimes become so numerous in the olivine

as to render the mineral black and opaque, so that it may be easily

mistaken for magnetite, except in very thin sections which have

been carefully prepared to illustrate the structure of the mineral.

Dana has also pointed out this change of olivine into a black opaque
substance resembling magnetite, often exhibiting a fissile structure

similar to that of micaf, and Wadsworth has described the same
phenomenon.

The study of a series of specimens which have originally existed

at different depths from the surface, in the Western Isles of Scotland,

enables us to fully understand and explain this interesting change.

This is rendered more easy by the fact that the results are, in this

case, not complicated by serpentinization, a totally different kind of

change due to qnite other causes.

The first appearance of the change in question takes place along

those irregular fissures that so frequently traverse olivine-crystals.

Along these incipient or completed fissures, when they are examined

by the aid of high powers, small stellar-groups of black or deep-

brown filaments are seen making their appearance mingled with

reticulations of cavities containing liquid or solid substances, like

those formed in the felspars and pyroxenes. The stellar groups

have much the appearance of dendritic markings (see PL XII.

figs. 1, 2), and when seen foreshortened, or partially within the range

of view of the higher powers of the microscope, present the cha-

racters represented by Zirkel t. Sometimes these star-like bodies

become crowded together so as to make the surfaces of the cracks

and sometimes also the outer portions of the crystal black and opaque

(see PL XII. figs. 3, -1).

Precisely similar appearances then make themselves visible along

certain planes within the crystal, which- are certainly parallel to the

optic axis, but the more exact crystaUographic relations of which I

have as yet been unable to determine. With these stellate groups

of fibres"^ flat brown plates, like those appearing in the pyroxenes,

sometimes appear in considerable numbers. Examples may be

found of the gradual conversion of the stellate enclosures into

tabular ones, by the fiUing-in of the intervals between the rays

* Zeitschr. d. d. geol. Gesell. Bd. xxiii. (1871) pp. 59, 60.

t System of Mineralogy, 5th ed. (1875) p. 258.

X Zeitschr, d. deutsch. geol. Gesell. vol. xxiii. (1871) p. 59, Taf. iv. fig. 11.
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of the star (sec PL XII. figs. 5«, 56, 5c). As these inclusions

multiply, the crystal loses its transluceucy and finally becomes

opaque, and exhibits by reflected light the colour and lustre of

magnetite. As the tachylytcs of the Western Isles of Scotland are

rendered perfectly black and opaque by the quantity of magnetite

-

dust which they contain, so the olivines are completely obscured

in their characters by the development in their midst of these

magnetite-enclosures. What is taken for magnetite in many
gabbros is nothing but this greatly altered olivine. That these

stellate bodies in the substance of the olivine crystals are really

inclusions formed within cavities having a rectilinear outline, is

demonstrated when they are examined with high powers of the

microscope. Each ray of the star is then seen to end abruptly

along a right line, and the limits of the cavities within which they

are formed are thus clearly indicated (see PI. XII. fig. 5c).

The curiously varied forms represented by Zirkel are due to portions

only of these stellate bodies being within the field of view of the

microscope at the time and often being viewed obliquely ; but by
carefully focussing up and down, their true nature can be readily

made out*. In their absolute dimensions these enclosures of the

olivine crystals vary between very wide limits, as is the case with the

similar bodies in the felspars and pyroxenes ; while some of the

enclosures can be seen and studied with quite low microscopic powers^

others are crowded into a nebulous haze which can only be resolved

by the very highest powers.

The Biotites, which are among the most frequent of the accessory

minerals in the gabbros and peridotites, exhibit a similar secondary

structure to that described in the felspars, the pyroxenes, and the

olivines. Tabular enclosures of a deep brown or black colour

are developed along the planes of easy cleavage of the mineral, and
are sometimes so abundant as to render the mineral almost opaque
(see PI. XII. figs. 8, 9).

§ 5. JN'ature and Origin op the Changes which have taken
PLACE in the Minerals of deep-seated Plutonic Eocks (" Schtl-

LERIZATION ").

We have seen that alike in the felspars, the pyroxenes, the'

olivines, and the biotites of plutonic rocks, there is evidence of pro-

gressive change taking place at gradually increasing depths. This

change consists in the deveropmeiit along certain planes within the

crystals of tabular, bacillar, or stellar enclosures, which, reflecting

the light falling upon them at certain angles, give rise to the peculiar

phenomenon expressed by the term " Schiller." It will be con-

venient to have a general name for this kind of change, and I pro-

pose to employ the term " Schillerization "' to express it. Thus I

shall call diallage and pseudo-hypersthene " Schillerized augites,"

* Zeitschr. d. deutsch. ^eolog. Ges. vol. xxiii. (1871) pi. iv. fig. 11. Zirkel,

Mikroskop. Beschaff. der Min. und Gest. (1873) p. 214.
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bronzite and the typical hypersthene of Labrador " Schillerized fer-

riferous enstatites."

The nature of the enclosures which give rise to the " Schiller
"

phenomenon of minerals has been investigated by many mineralogists
;

but, as might have been anticipated when their minute size is taken
into account, the results arrived at are very discordant *.

The enclosures vary in colour from grey to yellow, and through
various shades of brown to purplish red ; while they are sometimes
so dark as to be almost black and opaque. In all cases, so far as it

is possible to examine such minute objects, they prove to be isotropic.

As a general rule, they are found to be infusible, and to resist the

action of the strongest hydrochloric and other acids.

In form, these enclosures greatly vary. Sometimes they appear

to have very definite outlines, which has led them to be regarded as

microscopic crystals of haematite, magnetite, brookite, augifce, or other

minerals ; but these identifications have not only not been sup-

ported, but in many cases have been actually disproved by chemical

analysis. jN'evertheless the regularity of their forms in the same
crystal, and sometimes a wonderful agreement in the angular

measures which they give, are very striking facts. In other cases, as

for example in the Labrador hypersthene, the tabular enclosures,

while presenting perfectly flat and parallel sides, exhibit the most
irregular contours along some of their edges, and their forms appear

to be quite irreconcilable with the hypothesis that they are micro-

scox^ic crystals.

From a consideration of all that has been adduced by other in-

vestigators, taken in connexion with my own observations, I am led

to the conclusions that the substances forming these various enclosures

do not consist of any definite chemical compounds assuming the

regular crystalline forms belonging to mineral species, but that they

are mixtures of various oxides in a more or less hydrated condition,

such as hyalite, opal, gothite, and limonite ; hence their isotro-

pism, their variation in colour, and their resistance to the action

of acids.

All Schillerized minerals on analysis yield a small but notable

proportion of water, which is probably contained in these enclosures.

The suggestion which seems to me to be most in accord with all

the facts of the case, is that these enclosures are of the nature of

negative crystals which are more or less completely filled with products

of decomposition of the mineral. When these negative crystals are

completely filled with foreign substances, the enclosures assume the

outlines of true crystals, though they do not, of course, exhibit their

optical properties: it is noteworthy that in some cases a corre-

spondence between the angles of the enclosing mineral and the

inclusions seems to have been clearly made out. But in other

cases the secondary products are insufficient to fill the whole cavity

* This subject has been especially treated of by Scheerer (Pogg. Annal. Ixiv.

1845) ; Vogelsang (Archiv Neerland. iii. 29, 1868) ; Eosmann (Neues Jahrb. f.

Min. &c. 1869, p. 532) ; Hagge (Mikroskop. Uutersuch. iiber Gabbro, &c. 1871) ;

Trippke (Neues Jahrb. f. JVIin. 1878, p. 676).
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of the negative crystals, and occupy irregular spaces within them. In

some cases, like that of the olivines, the distribution of these

products of decomposition within the negative crystals is partially

determined by crystalline forces, and curious dendritic forms, of

microscopic dimensions, are the result. That this is really the ex-

planation of the dendritic forms seen in olivine, is shown by the

fact that the ends of the star-like masses are bounded by straight lines,

the sides of the negative crystals (see PL XII. figs, oa, ob, 5c).

It is a very noteworthy circumstance that these negative crystals

are formed along certain definite planes within the original crystal.

The studies of the so-called " Aetzfiguren " by Exner, Baumhauer,
and others have shown that the surfaces of crystals, and of sections

of crystals, are very unequally afii'ected when submitted to the action

of appropriate solvents. The peculiar disposition of molecules in a

crystal which causes it to yield most readily along certain planes to

the mechanical forces applied in scratching and fracture, and which
permits the waves of light and heat to traverse it at diff'erent rates

in diff'erent directions, is equally manifested when the crystal is

operated upon by solvent agents. We can understand how, under
these circumstances, solution is set up along certain planes within

the crystal, innumerable negative crystals being formed, while the

products of decomposition are deposited within them. The action

may be compared to what takes place when a beam from the sun

or an electric lamp is passed through a block of ice. The beautiful

ice-stars partially filled with water appear to be exactly analogous

to the negative crystals formed by solvent action in augite, for

example, and occupied by the hydrated oxides which result from
its decomposition. Tschermak and others have pointed out that the

lines along which solution takes place most easily are not necessarily

the edges of cleavage-planes ; and it has also been shown that the

twinning of crystals modifies the " Aetzfiguren," as it certainly does

the position of the plane of most easy chemical action, as revealed

by the phenomena of Schillerization (see Ante, p. 379).

There is one point in connexion with this subject which appears

to me to be specially worthy of attention, though, as far as I am
aware, its importance has hitherto been very generally overlooked.

The " Schillerization " of dark-coloured ferriferous minerals, like

proto-hypersthene and augite, results in the discharge of colour from
the substance of the crystal ; and instead of a dark green or brown
substance, we get a nearly colourless one, within which the innumer-
able deeply coloured enclosures are distributed. IN'ow, inasmuch as the
chemical composition of the whole crystal is scarcely, if at all, altered

by this molecular change, it is fair to conclude that the iron and
other oxides which gave the colour to the crystal have been dissolved

out and deposited in the substance of the enclosures.

That this is really the case, we have, I think, a singularly beautiful

proof. The researches of many mineralogists have demonstrated that

in the pyroxenes, the micas, and many other groups of minerals, a
remarkable relation can be discovered between the proportions of

certain ingredients, notably the iron, in diff'erent varieties, and



386 PROF. J. W. JUDD 01!^ THE TERTIAE,r AK"D

certain optical constants, such as the position of the plane in which
the optic axis lies and the angle between the optic axes *.

The researches by which the optical constants of minerals have
been determined have proved that not only do the colour and cha-

racteristic pleochroism disappear in the substance of crystals t
which have undergone Schillerization, but that the position of the

optic axes and the angle which they make with one another are also

affected. This remarkable effect of the Schillerizing process is shown
if we compare unaltered and altered examples of minerals of the

same chemical composition with one another, augites with diallages

and pseudo-hypersthenes, ferriferous enstatites with bronzites and
hypersthenes. Tschermak even points out that the optical constants

of diallage are practically the same as those of diopside J. In the

latter mineral ferrous oxide was almost absent from the first ; in the

former it has been to a great extent removed from the substance of

the crystal and collected into the enclosures during the process of

Schillerization.

. § 6. The Agency by which the ScHiiLEEizATiOiSr of Mesterals has
BEE]^ effected.

In seeking for the causes which have produced in minerals

the very remarkable changes which we have grouped together under
the name of Schillerization, there are two very important facts

which must be borne in mind. In the first place such changes are

quite distinct from those which result from weathering action, or

the penetration of water from the surface. Under the influence of

this kind of action, felspars are more or less completely kaolinized,

and their elements may subsequently recrystallize as zoisite and
other minerals ; augites are converted into uralite or directly into

hornblende, and olivines and enstatites into serpentine, steatite,

and talc. But in the minerals of the rocks we are describing, it is

manifest that crystals which do not exhibit the smallest trace of

Schillerization may be completely altered by weathering action ; and,

conversely, crystals which are perfectly fresh and uudecomposed may
have undergone the most striking effects of Schillerization. In cases

where the results of weathering action have been superinduced upon
those following from Schillerization, very complicated phenomena
may be presented, which it may require much care to unravel.

Cases of this kind we shall proceed to consider in the second part of

this paper. But the examples of the Western Isles of Scotland are

* See for the pyroxenes, Tscliermak, Mineral. Mitth. vol. i. (1870)

;

Wilk. Zeitschr. f. Kryst. toI. viii. p. 208 (1884) ; Dolter, Neues Jahrb. f. Min.
&c. 1885, vol. i. p. 43.

t It is true that slices of hypersthene viewedwith a dichroiscope appear strongly
pleochroic. But when examined with a high power, the substance between the

enclosures is seen to be nearly colourless, and to exhibit only faint traces of

pleochroism. In examining the whole slice of the mineral the light transmitted

by the brown enclosures is affected by the intermediate substance, and a general

effect of pleochroism is produced, which is not seen in either crystals or enclosures

I Lehrbuch fiir Mineralogie (1883), p. 440.
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particularly valuable for the purposes of study ; for there the felspars

often show no trace of kaolinization, the augites no trace of uraliti-

zation or of amphibolization, and the olivines no trace of serpenti-

nization ; and yet these several minerals, as we have pointed out,

exhibit in the most striking manner the effects of Schillerization.

The study of these rocks in the field has clearly demonstrated that

the degree of Schillerization of the several minerals can be correlated

with the depth from the surface at which the rocks have formerly

existed. In the more deeply seated rocks the most perfect Schilleri-

zation has taken place, and in those at less depth fewer planes within

the crystal have been attacked, all traces of the action disappearing

when the rocks have existed near the surface.

That the action producing Schillerization is a secondary one is proved

in several ways. It is perfectly true that enclosures are often formed
in crystals during their growth, and that, at high temperatures and
under great pressures, abnormal crystal-growths frequently arise.

In this way it may be suggested that augite might always crystallize

with the diallage- and pseudo-hypersthene-modifications, ferriferous

enstatite with the bronzite- or hypersthene-modification, and so on.

But against the acceptance of this suggestion several very important

considerations may be urged. The contents of the negative crystals

are evidently products of decomposition, hydrated oxides like chal-

cedony, opal, gothite, and limonite. Purther, as I have already

shown, the action of Schillerization can in many cases be seen to be

set up. from the surface of the crystals and along the cracks which
traverse it. And, lastly, the enclosures are altogether absent from
some crystals in deep-seated rocks, which appear to have escaped

altogether from the action which has produced this phenomenon.
Schillerization is thus proved to be due to local and not to general

causes.

On these grounds, then, I think it is impossible to doubt that

what are now crystals of diallage were once common augite, that

the bronzite and hypersthene are altered ferriferous enstatites, and
that the peculiarities of the deep-seated crystals of labradorite and
olivine have been acquired since their original formation.

Bearing aU these facts in mind, it appears impossible to resist the

conclusion that the solvent agents which have produced Schillerization

are the water and other fluids which have permeated the rock-

masses, and that their solvent action has increased with the pressure,

that is to say with the depth from the surface. I need only refer

to the classical researches of Daubre'e, Sorby, Guthrie, and others, as

placing beyond all doubt the fact of the increase of the actio q of

solvents by pressure.

Whenwe remember the enormous volumes ofsteam and other gases

given off by great volcanoes during their eruption, and further that

these eruptions are continued through geological periods of vast

duration, bearing in mind too that the evolution of these gases does

not terminate with the violent activity of the volcanic vent, but is

equally manifested during the " Solfatara stage," and that enormous
tracts of volcanic rocks are found altered by surface-emanation of

steam, we can well understand how potent must be the influences
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which are operating simultaneously upon the deep-seated rock-
masses below.

The circumstance of the crystals of such rocks being full of

numerous cavities, many of which contain saturated solutions of the

alkaline chlorides and sulphates, or are filled with solid substances

like woUastonite and other silica-compounds, and of such cavities

also enclosing carbonic acid in a liquid condition, all bear witness to

the presence of these solvents and to the potency of their action

under pressure.

The study of these deep-seated rocks at different depths shows
that the water and other solvents which permeate the whole of the

crystals under the enormous pressure attacks certain silica-compounds

more readily than others
;
probably the compounds of silica with iron

and the alkalies are among the first to pass into solution. Eventu-
ally the whole of the compound silicates yield to the solvent and are

broken up ; but this does not take place unifonnly through the

crystals. In the direction of certain planes within crystals the mole-
cules are in a state of less perfect stability with respect to chemical

agencies than others, and along these planes the solvents eat out for

themselves hollows (negative crystals) which become filled with the

hydrated silica, the hydrated ferric oxides, and other products of

decomposition. At increasing depths new planes within the crystal

become susceptible to the action of solvents, and fresh enclosures are

formed along them. Thus, at moderate depths, the only planes along

which augite-crystals are attacked by the solvents, and along which
they have enclosures (infilled negative crystals) formed, are the

planes parallel to the orthopinacoid ; but at greater depths planes

parallel to the clinopinacoid and the basal plane are similarly

attacked. The planes of chemical instability are not necessarily

identical in position with those of imperfect cohesion (cleavage-planes);

indeed in many cases, as we have seen, they are wholly diff'erent.

But in many cases the position of these planes of easy solubility in

a crystal are clearly modified by the twinned condition of the

crystal.

In some cases Schillerization consists only in a redistribution of

the matter within the crystals. Thus diallage, as a general rule,

differs in composition from augite only by the presence of a per-

centage of water which, as we have already seen, is probably

combined with the materials which fill the negative crystals. But
in many cases the dissolved material may be carried away from the

crystal and deposited within the cavities of neighbouring crystals of

different species. In this way ferric oxide, probably derived from

the pyroxenes, olivines, and magnetite, comes to be deposited within

the negative crystals of labradorite. In the end this process of

Schillerization must result in the blending together in the most inex-

tricable manner of materials derived from different crystallized

minerals, and the whole characters of the rock may be completely

altered.

It has long been known that the faces and cleavage-planes of crys-

tals are attacked by appropriate solvents in an unequal manner, so as

to give rise to the characteristic forms of two dimensions known as
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Aetzjiguren, But the Schillerization of minerals consists in the pro-

duction by natural causes of Aetzfiguren in three dimensions. It

bears witness to the existence of certain planes within crystals along

which a greater susceptibility to chemical action exists than in others.

It proves that, while often independent of the dii-ections along which
mechanical force and the different kinds of radiant energy most
easily act, the planes along which the chemical forces operate are

modified and controlled by structures like twinning. All these con-

clusions are in complete harmony with the results which have been

obtained by the study of the Attzjiguren. The results attained

by the observations and reasonings which we have been describing

bear the same relations to those obtained by the study of the

Aetzjiguren, as the phenomena of cleavage in a crystal do to the

observations made on crystal faces by means of the sclerometer.

All the changes of which we have hitherto spoken are such as

may be traced m their effects by the aid of the microscope ; but the

same forces probably lead to other modifications of the internal

structure of crystals, which are altogether ultra-microscopical and
quite incapable of being detected by direct vision. But as it is

well known that light-waves are capable of being interfered with by
structures too minute to be discerned by the human eye, so v^e can

readily understand how solution along certain parallel planes within

the felspar crystal may lead to the formation of thin x^lates or layers,

probably composed of chalcedonic material, which give rise to the

beautiful cliatoymit effects exhibited by these minerals when they

have been submitted to deep-seated action. We have already pointed

out that the alteration in the density and chemical composition of

these chatoyant varieties of felspar support the view that they have
undergone the kind of change which we have been describing, and
that, in the Western Isles of Scotland, this phenomenon is exhibited

only by the felspars of what have been the most deeply-seated rock-

masses.

§ 7. Varieties oe the Tertiary Ultra-basic Eocks.

The Tertiary peridotites and other ultra-basic rocks differ from

one another both in their mineralogical constitution and in their

structure. Varieties corresponding to each of the rock-species which
have been established for the different types of peridotite are easily

recognizable in the Western Isles of Scotland. Thus in the Shiant

Isles and in the central parts of Bum we find a rock almost wholly

made up of grains of olivine enclosing rounded particles of chromite

and picotite—a rock which must be classed with the "dunites." In
various localities in the island of Bum, and also in the Shiant Isles,

we find rocks consisting essentially of olivine and augite, and these

must be classed as "picrites." Occasionally we find a considerable

amount of a more or less ferriferous enstatite, with some picotite or

chromite superadded to the ingredients of the last-mentioned rock,

and we have then an analogue of " Iherzolite." Some of the veins

which intersect the gabbros and peridotites of Bum are wholly made
up of a felspar (which, by its extinction-angles, its specific gravity,

Q.J. G. S. Xo. 163.

"

2-K
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and its flame-reaction, is proved to be anorthite) and olivine. I

was at a loss to find any exact analogue of these felspar-olivine

rocks ; but Professor Bonney has pointed out to me that in some
varieties of the forellenstein (troctolite) of Yolpersdorf, in Silesia,

the augite becomes inconspicuous and almost disappears, and we
have a rock similar to the Scotch variety which I have indicated.

Professor Bonney has found the same rock in an altered state at

Coverack Cove in Cornwall*. Other veins and enclosures in these

rocks consist of anorthite and augite, and may be classed with the

eucrites (see PL XIII. figs. 1, 2, 3, 4, 5, & 6).

As all of these varieties of the Tertiary ultra-basic rocks are found

passing into one another, and into the gabbros and dolerites, by an
increase in the quantity of one mineral or by the diminution and
disappearance of others, it will, I think, be more instructive to con-

sider the varieties exhibited by the rocks of difi'erent localities when
their microscopic structures are considered than to dwell upon the

merely accidental varieties of mineralogical constitution.

It may be mentioned at the outset that, as a general rule, the

peridotites vary in structure with the gabbros and dolerites with
which they are associated. We thus find peridotites of granitic

structure, others of granulitic structure, and others, again, of ophitic

structure (see PI. XIIL).

The most perfectly crystalline type of these peridotites is found

in the valleys in the central part of the island of Eum. A typical

example of these rocks collected near the road between Kinloch and
Harris is highly crystalline, of a black colour with a few scattered

felspar-crystals, and has a specific gravity of 3-18. The olivine of

this rock is of a nearly black colour, owing to the abundance of

magnetite enclosures it contains ; it can, however, be distinguished

from the augite by its lustre and its fracture. It is not surprising

to find that MaccuUoch, misled by the unusual colour of the olivine,

failed to distinguish that mineral ; and, regarding the rock as being

wholly composed of augite, he gave to it the name of " augite-

rock."

Thin slices under the microscope show the rock to be essentially

made up of large crystals of augite and olivine.

The augite is of pale greenish or brownish tint by transmitted light,

and exhibits very faint dichroism ; but its cleavage-cracks, which
are well marked, are characteristic of the mineral. Both the

cleavage- and irregular cracks of the mineral are marked by bands

of enclosures, consisting of cavities, sometimes empty, sometimes

containing a liquid with a bubble, but most commonly filled with a

solid substance of a reddish brown, sometimes almost black colour.

This augite only occasionally exhibits the first traces of a passage

into diallage by the development of enclosures in planes parallel to

the orthopinacoid.

The olivine of this rock is in the most beautifully fresh condition,

and seldom shows any trace of serpentinization. It polarizes with

* Quart. Journ. Geol. Soc. vol. xxxiii. (1877) p. 909.
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the usual brilliant colours, but presents a somewhat curious

appearance from the abundant enclosures which it contains, causing

it to appear of a dusty grey tint. The numerous fissures which
traverse the olivine grains are often stained of a bright yellow colour

;

along them are developed numerous cavities which are seen in some
cases to be united by a ramifying system of canals, and not un-
frequently contain liquids with a moving bubble. In most cases,

however, they appear to be filled with brown or black decomposition-

products like those in the augite-crystals. Along the same fissures are

seen to be developed the curious dendritic stars or networks of a black

or brown colour, and these are sometimes present in such numbers as

to render the planes of the fissures black and opaque. In addition

to these enclosures along the planes of the fissures, other stellar

ones make their appearance in prodigious numbers within the sub-

stance of the crystal, communicating to it the dusty appearance

already described. These are seen to be arranged in. a series of

planes parallel to the optic axis of the crystal, and the star-like

inclusions are often mingled with and pass into others in the form of

thin brown or black plates.

Among the commonest of the accessory minerals of this rock are

felspar, biotite, a ferriferous enstatite (hypersthene), magnetite,

and chromite or picotite.

The felspar is a plagioclase, which in its altered condition

offers a striking contrast to the fresh augite and olivine of the

rock. It is full of cavities, and its substance is often seen to have
undergone more or less complete conversion into various secondary

products.

The biotite, when unaltered, is of a deep brown tint, but is often

Schillerized by the development of dark-coloured enclosures in

planes parallel to the basal plane. Under these circumstances the

substance of the crystals becomes much paler in tint.

The ferriferous enstatite (hypersthene) exhibits the usual marked
pleochroism of that mineral when undecomposed, but it usually

shows a great tendency to serpentinous alteration.

The magnetite and chromite or picotite form only a very subor-

dinate part of the rock. The latter mineral by its decomposition

appears to communicate a very striking chrome-green tint to

portions of the rock.

Some of the peridotites of the higher mountains in central Rum
exhibit a far less perfectly granitic structure, small crystals and
granules of olivine being mingled with finely granular augite, as in

the porphyro-granulitic dolerites. They resemble such dolerites

without their felspar. These rocks have a specific gravity of 3-09,

The olivine of these rocks is often more or less darkened by the

multitude of black stellar inclusions which it contains.

These granular peridotites of central Eum are intersected by

veins of many interesting rock-varieties. Among these occur

porphyritic peridotites consisting of large individuals of olivine

scattered through a granular base of olivine and augite and gabbros,

2e2
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with the several minerals sometimes disposed in bands parallel to

the sides of the vein. (See p. 359.)

One of the varieties of peridotite in the island of Knm is a rock

of such beauty as to have attracted the attention and excited the

admiration of all visitors to the island *. It is found constituting

considerable portions of the mountains of Halival, Haiskeval, and
Tralival, and is seen passing everywhere into an augite-gabbro.

Different portions of these great mountain-masses appear to vary

chiefly in the quantity of felspar which they contain.

The felspathic varieties are true augite-gabbros, consisting of a

very fresh felspar, often perfectly clear and glassy in appearance, a

bright green augite, and an olivine which has undergone the peculiar

alteration which makes it resemble in aspect chondrodite. The
rock is sometimes fine-grained and at others very coarse-grained,

and the mixture of colourless, bright-green, and yellow crystals is

very striking.

The non-felspathic varieties are picrites and Iherzolites, rocks

having a specific gravity of about 3-20, the admixture of bright-

green augite, and the yellow olivine with more or less enstatite,

giving them a very beautiful appearance (see PI. XTII. tig. 3).

The augite of these rocks is usually of a bright emerald-green

tint by reflected light, and pale green passing into pale brown by
transmitted light. It usually exhibits a very feeble pleochroism.

The augite sometimes forms well-developed crystals, but more
usually it exists as rounded grains, like those of coccoiite. The
composition of this diopside, or slightly ferriferous augite, is illus-

trated by the analysis quoted on p. 367. This green augite, as

well as the pale brownish varieties which accompany it, is traversed

in all directions by cracks which are marked by numerous enclosures,

which are sometimes liquid- or gas-cavities, but are not unfre-

quently filled with dark-brown or black solid materials. These

augites exhibit admirable illustration of the initial stage of Schil-

lerization. A few scattered tabular enclosures make their ap-

pearance along planes parallel with the orthopinacoid, and these in

other examples are seen multiplied until the augite becomes a

typical diallage.

The olivines of these rocks form more or less rounded or oval

grains, often enclosing globular particles of chromite or picotite,

which are generally black or opaque at their centres, but slightly

translucent, and dark-brown in colour at their edges. A very

marked feature of these olivines is their yellowish or brownish-

yellow tint, so different from that of the mineral in its normal

condition. Under the microscope this peculiar colour is seen to be

confined to the cracks which traverse the crystals in all directions.

The yellow tint is present in cases where not the smallest trace of

serpentinization can be detected in the crystal. Along these cracks

we find the curious stellate enclosures being developed, and these

* See Jameson, 'Mineralogy of the Scottish Isles,' vol. ii. p. 51 ; MaccuUocli,
' The Western Isles of Scotland,' vol. i. p, 485 ;

Heddle, Trans. Eoy. Soc. Edin.

vol. xxviii. (1879) p. 478.
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may multiply till they form black bands, traversing the crystal in

all directions ; lastly similar inclusions, sometimes mingled with
brown plates, make their appearance along a series of parallel planes

traversing the crystal in the direction of the optic axis, and these

increase in number till they communicate a dusty appearance to the

crystal.

The accessory minerals of these peridotites of Halival and the

adjoining mountains of Kum are as follows :—felspar, a clear

variety, crystallizing in foi ms intermediate between the lath-shaped

crystals of basalt and the broad forms common in the massive

gabbros, is nearly always present in small quantities, and may
increase in abundance till the rock passes into a gabbro ; fer-

riferous enstatite (hypersthene), which, when it occurs with the

granular variety of augite, also assumes similar granular forms, but

is at once distinguished by its colour, its remarkable pleochroism, and
its extinction in positions parallel to the vibration-planesof the crossed

nicols ; biotite occurs but rarely, while magnetite and chromite

(or picotite) are universally present. It appears as though the

opaque magnetite passes by insensible gradations into the trans-

lucent and deep-brown chromite or picotite.

The last, but by no means the least interesting, of these Tertiary

peridotites of Scotland which I shall notice, is that which occurs in

the Shiant Isles to the North of Skye ; it exhibits the most beautiful

example of the ophitic structure in these rocks.

The igneous rocks of these islands, as pointed out in my previous

paper*, form a great intrusive sheet 500 feet in thickness forced

between strata of Inferior- Oolite age. The vertical columns of this

intrusive mass constitute, as Macculloch has pointed out, one of the

most imposing spectacles in the British Islands. The columns, 500
feet long and from 4 to 6 feet in diameter, form a range of inaccessible

precipices rising directly from the sea.

Owing to the rising of a storm, I was compelled to render my
visit to these little-known islands shorter than I could have wished,

and consequently I had an opportunity only of tracing the relations

of the igneous to the sedimentary rock-masses, and of collecting the

fossils from the latter. I was not able to devote any time to deter-

mining the relations of the different varieties of igneous rocks to

one another. As many varieties of the rocks as possible were,

hovTOver, collected from different parts of the island by myself and
a friend. Dr. Taylor Smith f, who accompanied me.

The rock of this great intrusive sheet was classed by Macculloch

as an " augite-rock,"+ the augite being by far the most conspicuous

mineral in it. A careful study of the large series of specimens

brought from the islands shows that about one half of them should

be classed as ophitic dolerites, and the other half as peridotites.

But every specimen collected shows such variations owing to the

* Quart. Journ. Geol. Soc. vol. xxxiv. (1878) p. 677.
t I am greatly indebted to Dr. Taylor Smith for allowing me to study the

whole of his specimens in connexion with my own.

\ Western Isles of Scotland, vol. i. p. 439.
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increase or decrease of felspar in different parts of tlie rock, that I

can scarcely doubt of there being constant and insensible passages

in the rock-mass from the felspathic dolerite to the non-felspathic

peridotite.

The structure of the dolerites is exceedingly interesting ; nowhere
in the British Islands am I acquainted with more beautiful illus-

trations of the ophitic structure ; the very similar dolerite which
forms the great intrusive sheet at Portrush in Ireland comes

nearest to it. The fractured surfaces of the rock exhibit the broad

faces of black crystals of augite, occasionally interrupted by the

enclosed felspar crystals. Under the microscope the augite, which
by transmitted light is of a rich brown tint, is seen to form great

crystals, the continuity of which is indicated by the persistency in

direction of the cleavage- cracks, and by their uniform tint when
viewed by polarized light. Within these broad crystals of augite

are enclosed innumerable rectangular crystals of plagioclase felspar

and rounded grains of olivine.

In the accompanying peridotites the felspar almost completely

disappears. In some varieties, which may be classed as picrites,

we find a number of broad crystals of augite which enclose nume-
rous grains of olivine (see Plate XIII. fig. 4). In other cases the

grains of olivine become so numerous as to make up the mass of the

rock, and augite appears only occasionally in their interspaces.

The latter variety may be classed with the dunites.

Under the microscope, the rich brown augite of the Shiant-Isles

rock exhibits gas- and liquid-cavities along its planes of fracture

and strain ; but these are seldom filled with solid material, and the

tabular inclusions producing Schillerization are, so far as my expe-

rience goes, never present in them. The augite of these rocks is

seen in some cases to pass into paramorphic hornblende.

The olivine of these rocks is a very interesting mineral. In the

thinnest sections it exhibits a distinctly yeUow colour by trans-

mitted light. This colour is nearly as intense as in the fayalite of

the eulysite of Tunaberg, for an opportunity of studying which
I am indebted to Mr. Thomas Davies, of the British Museum.
This colour of the olivine is so marked and persistent that I can

scarcely doubt of our having a highly ferriferous olivine associated

with the dark ferriferous augite of the rock. As a rule, the

minerals of the Shiant-Isles rocks are remarkably fresh and un-

weathered, but the olivine in some of the specimens, which were
for the most part collected from fallen blocks washed by the sea,

exhibits a very partial serpentinization. Enclosures with solid

matter of black colour, and others containing liquids and gases

occur along the planes of fracture ; but the black stellate enclosures

are rare. Occasionally, however, black or dark-brown enclosures

are seen encroaching from the fracture -planes along planes parallel

to the optic axis of the olivine grain, and so crowded together as to

render the crystal black and opaque.

In addition to the non-felspathic rocks, which we have classed as
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dunites, Iherzolites, and picrites, we have the felspathic rocks which
must be assigned to the troctolites (anorthite-olivine rocks) and the

eiicrites (anorthite-augite rocks).

The troctolites (forellensteins) in all cases exhibit intergrowths

of felspar-crystals, forming a mass through which single grains or

groups of grains of olivine are irregularly distributed (see PL XIII.
fig. 5). Except in the perfectly fresh and unaltered condition of

the minerals of which they are composed, and in their finer grain,

these rocks exactly resemble in structure the well-known forellen-

stein of Yolpersdorf.

The eucrites (anorthite-augite rocks) exhibit both the granitic

and granulitic types of structure. An interesting example of the

latter variety is illustrated in PI. XIII. fig. 6.

The mass of basic and ultra-basic rocks in the island of Rum,
which covers an area of from eight to ten square miles, and rises

into a number of mountains varying from 2000 to 3000 feet in

height, is made up principally of the minerals anorthite (or a felspar

closely approximating in composition to that species), augite, and
olivine. When all three are present, as is most frequently the case,

we have an olivine-gabbro ; when the first disappears we get a

picrite, when the second is wanting we have a troctolite, and when
the third is absent a eucrite. When both the first and second are

wanting the dunites are formed ; and the addition of the less abun-
dant minerals, the enstatites, the biotites, and the spinellids, gives

rise to Iherzolites and other varieties. All these forms are found

passing into one another by the most insensible gradations, and it

would be possible, though, I think, most inexpedient, to propose

names for other cuiious mineral combinations which occur here.

The Shiant Isles ofi'er perfectly similar examples of transitions

between these different types of basic and ultra-basic rocks.

Part II.

The Paljeozoic Peridotites and Allied Rocks.

So far as is at present known, there are no peridotites of Mesozoic

age in Scotland. The numerous masses of more or less altered

ultra-basic rocks which are found scattered about the country, appear

to have been formed during the Palaeozoic epochs ; but some of them
may be of Archaean age. Certain of these old peridotites can, how-
ever, be proved to be of the age of the Old Red Sandstone and the

Carboniferous.

At first sight the Palaeozoic peridotites of Scotland appear to

present the most striking contrast in their characters with those

which we have been describing as belonging to the Tertiary epoch.

But the more carefuU}- we study these rocks, the more distinctly is

it seen that the differences between the older and younger rock-

masses are not essential but accidental ones,—the result of al-

terations which have taken place during the enormous periods of
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time which have intervened between the eruption of the older and
younger rocks respectively.

In the Tertiary peridotites the several minerals, olivine, enstatite,

augite, picotite, &c., are perfectly fresh and unweathered ; but in

the Palaeozoic rocks these minerals are represented, in most cases,

only by their pseudomorphs ; and it requires the most careful study

to determine what was the nature of the original rock. When this

is done, however, we are impressed by the conviction that in minera-

logical constitution, as Avell as in structure, these Palaeozoic perido-

tites x^resent us with examples of all the varieties found among the

Tertiary peridotites.

It may be convenient to apply distinct names to some of these

much altered igneous rocks, just as it is admissible to term the

indurated argillaceous sediments shales, while we call the less altered

rocks clays. But it is a fact which cannot be too strongly insisted

upon that when due allowance is made for the effects of alteration,

operating during the enormous intervals of time which have separated

the eruption of the Palaeozoic and Tertiary peridotites, the agreement
in all the original and essential characters between the rocks be-

longing to these widely separated periods is of the most complete

character.

§ 1. AlTEEATION OE the ITl^TIRALS IN THE PaL.+JOZOIC PeRIDOTITES.

The most striking fact concerning the Palaeozoic peridotites is

that, as a rule, the whole of the original minerals of the rock have
been converted into their pseudomorphs. The bulk-analysis of the

rocks shows that they differ in composition from the Tertiary peri-

dotites by the addition of water, and the diminution, to some extent,

of the silica and certain of the bases. The olivines have been con-

verted into serpentine ; the enstatites are often represented by the

same mineral or by steatite ; the augites have become hornblendes,

and the felspars have similarly been changed to zoisite and other

minerals.

These changes are of a totally different kind from those which
we have seen to affect the minerals in the more deeply seated

eruptive rock-masses of the Tertiary period. Whether previously

in their t^^ical form, or in a more or less Schillerized condition,

these minerals of the Palaeozoic peridotites are equally affected by
changes of a totally different character and origin. In some cases

the change consists in the addition of water, and the conversion of

an anhydrous silicate into a hydrous one. In other cases, the

change appears to be a purely molecular one, the conversion of an

unstable mineral into a stable one.

That these changes are produced at moderate distances from the

surface where the minerals are affected by the percolation of atmo-

spheric waters there cannot be any doubt. By the study of a suffi-

ciently large series of specimens it can be shown that the changes

in question have reached their maximum in those cases where the

exposure of the rocks to atmospheric influences has been greatest,

while more deeply seated portions of the rock remain comparatively
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unaltered. ]Vrorcover, the change is, in many cases, seen to be set

up from the surfaces or fissures of the minerals to which percolating

atmospheric waters can most easil}^ find access. It will be instruc-

tive to study the changes which the several minerals are found

undergoing, under these circumstances, in the Palaeozoic peridotites.

Olivine is the mineral in the peridotites which undergoes

change most easily, and in almost every case it is found converted

into serpentine ; indeed it is quite rare to find examples of the un-

altered olivine in these Palaeozoic rocks. The occurrence of unmis-

takable pseudomorphs of serpentine after olivine, and the occurrence

of particles of unaltered olivine in the midst of the serpentine

masses, afi'ord abundant evidence, however, of the fact that the

serpentine is for the most part altered olivine.

When the olivine has underoone the changes described in the

first part of this paper, and as a consequence contains stellate,

tabular, and irregular enclosures of magnetite and other oxides,

these are sometimes seen to persist after the hydration of the enclos-

ing mineral. But the conversion of the olivine into serpentine, as

is well known, is usually accompanied by a separation of magnetite,

the silica combined with the iron of the original mineral being pro-

bably to some extent carried away in solution. In many cases it

appears to be impossible to separate the mixed oxides formed during

the Schillerization of the olivine from those liberated during its

serpentinization

.

The lihomhic Pyroxenes {Enstatites) undergo change much less

rapidly than do the olivines. This is shown by the fact that in

rocks which have originally consisted of olivine and enstatite, the

former mineral is often entirely changed to serpentine, while the

latter remains comparatively unaltered.

The change which the enstatites undergo seems to vary in different

cases. Mr. G. H. AVilliams has described an interesting example

of the direct conversion of a ferriferous enstatite (hypersthene)

into a brown hornblende *. But of this kind of change I have not

found any examples among the numerous enstatites of the Scottish

rocks. On the contrary, the change in the mineral appears usually

not to be a simply molecular alteration, but to be the result of

hydration. Thus in the enstatite-basalt of a dyke at Carroch in

Forfarshire, the fine crystals of highly ferriferous enstatite are found

passing along their edges and fissures into a green substance undi-

stinguishable from that found in similar situations in olivine crystals,

and in some cases the whole crystal is converted into this substance.

Again, in the serpentine dyke of the same district, the central and

least altered portion consists of serpentine crowded with enstatite

crystals, but in the more altered portions of the same mass, the

enstatite is seen to pass into serpentine f.

* Amer. Journ. Sci. 3rd ser. vol. xxviii. (1884) p. 262.

t According to my own experience, the rhombic pyroxenes are generally

converted into a serpentinous material, while the augites pass into a uralitic

substance or directly into hornblende ; and I would venture to suggest that

the crystals which Mr. Williams describes as changing into hornblende, in the

passage referred to, may be pseudo-hypersthene, and not true hypersthene.
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"When the enstatite has been previously Sehillerized, the charac-

teristic enclosures often persist after the serpentinization of the

material in which they are enclosed. We may thus sometimes
infer the former existence of a particular mineral in a rock by the

presence of the characteristic enclosures of the mineral in the midst

of its alteration-products.

The Monodinic Pyroxenes (Augites) usually undergo only the

molecular change by which they pass into hornblendes. Thus
crystals of the dark brown ferriferous augite of the Shiant-Isles

rock are seen passing into dark-brown hornblende with the charac-

teristic pleochroism and cleavage of that mineral. It is worthy of

notice, as pointed out by Williams *, that in these cases of the con-

version of a pyroxene directly iuto hornblende the principal planes

of the two minerals are parallel, and even the planes of twinning of

the original may persist as such in the altered form f.

When augite has been submitted to Schillerization before altera-

tion the results are of a very different kind, as is so well seen in the

saussurite-gabbros or wurlitzites. By the collection of the iron of

the mineral into the enclosures a substance is left which has the

composition and optical properties of diopside, and this is altered

into the green varieties of hornblende known as smaragdite and
actinolite, while the separated iron-oxides crystallize by them-
selves.

On the alterations by weathering of the felspars and other acces-

sory minerals of the peridotites it will not be necessary to dwell in

detail, as they are not essential minerals of the peridotites.

§ 2. Yabieties of the Paljeozoic Peridotites.

Of all the varieties of the peridotite which we have described as

occurring among the intrusive rocks of Tertiary age, representatives

are found among the more or less altered Palaeozoic igneous masses.

Eocks like the dunites, which are composed almost entirely of

olivine, are by hydration converted into serpentine, and some of the

very pure serpentine masses of Scotland were in all probabihty

originally dunites.

But since enstatite, as we have already seen, is, like olivine, also

converted into serpentine, though somewhat more slowly, masses of

pure serpentine may be formed by the hydration of olivine-enstatite

rocks like Iherzolite.

Admirable examples of such altered olivine-enstatite rocks have

been described by Professor Bonney as occurring not only at the

Lizard in Cornwall but at Colmonell in Ayrshire J. My own exami-

nation of slices taken from this serpentine leads me to conclusions

* Amer. Journ. Sci. ser. 3, vol. xxviii. p. 264.

t In some cases this conversion of augite into hornblende takes place directly,

the dichroic hornblende appearing, as it were, eating into the non-dichroic

augite. But in other cases the whole augite crystal appears to be converted

into uralitic and j&brous hornblende, and this may change subsequently into

common hornblende.

J
Quart. Journ. Geol. Soc. vol. xxxiv. (1878) p. 769.



OLDER PERIDOTITES OF SCOTLAND. 399

identical with those arrived at in this paper concerning the rocks in

question.

An equally striking example of a rock of the same class occurs in

Forfarshire, near the town of Kirriemuir. This rock'was described

in the year 1825 by Sir Charles Lyell, after studying it with the

assistance of Dr. Buckland, as a mass of serpentine forming a dyke
which intersects the Old E-ed Sandstones and contemporaneous

volcanic rocks of the district *. In 1875 I had the advantage of

studying this mass of serpentine under the guidance of Sir Charles

Lyell. The dyke of serpentine can be traced running for a length

of at least 14 miles, in an E.N.E. and W.S.W. direction, near the

southern foot of the Grampians, and parallel to that range ; it is

well exhibited in several deep cavities, cut by streams descending

from the mountains, especially those of the Carity, the Prosen, and

the South Esk. The dyke varies in width at different points from

100 to 300 yards ; it encloses " horses " or masses of the rocks

traversed by it, and is itself intersected by other intrusive rocks.

It produces marked alteration on the rocks which it traverses f.

At its sides the rock is a mass of serpentine, traversed by nume-
rous veins of chrysotile and exhibiting no evidence of the minerals

of which the rock was originally formed. But towards the centre,

crystals of " Schiller spar " make their appearance, and the serpen-

tine gradually passes into a hard crystalline mass which Lyell com-
pared with the rock of the Cuchullin Hills, and called hypersthene-

rock.

Studied by the aid of the microscope, this central and least

weathered part of the dyke is seen to be made up of serpentine,

clearly pseudomorphous after ohvine, and containing large crystals of

a ferriferous enstatite in a more or less advanced stage of alteration

into bastite and serpentine. In some portions of the central mass

of the dyke the ferriferous enstatite prevails almost to the exclusion

of the olivine, and we have a rock strikingly resembling the bronzite-

rock of the Kupferberg, near Bayreuth, and of St. Stephan in Upper
Styria (see PI. XIII. fig. 7). This is a type of rock which has

not, I believe, been hitherto recognized in the British Islands. As
we trace the rock outwards from the central mass, the alteration

becomes greater, till at last all traces of the individual enstatite-

crystals disappear, and we have a serpentine in which no vestige of

the original mineral constituents of the rock can be distinguished.

Among the dykes which intersect the great serpentine-mass, I found

one to consist of a coarse dolerite or augite-gabbro, while another

is a very beautiful example of a hypersthene- (ferriferous enstatite)

dolerite.

The serpentines with altered bronzite, from the neighbourhood of

Aberdeen J, are also altered olivine-enstatite rocks.

When the older peridotites contain a considerable proportion of

* Edinb. Journ. of Sci. vol. iii. (1825) p. 112.

t I am much indebted to Leonard Lyell, Esq., F.G.S., of Kinnordy, for

several interesting series of specimens which he has sent me from this district.

I
See Heddle, Mineralog. Mag. vol. v. pp. 4-6.
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augite, this mineral remains enclosed in the serpentine, or is con-

verted into hornblende. In the latter case we have a rock of the

same class as that described by Professor Eonney, from North
Wales and the Lake district*, as hornblende-pi crite. Two examples

of such altered picrites have been described in the neighbourhood of

the Firth of Forth.

The picrite which forms an eminence on the S.W. of the island

in the Firth of Forth was discovered by Mr. Adie, and described

first by Dr. A. Geikie f, and subsequently by its discoverer J, The
rock may be classed with the picrites, though it sometimes contains

a not inconsiderable proportion of felspar. It is an interesting cir-

cumstance that the olivine of this rock is sometimes only slightly

serpentinized. The augite is sometimes quite intact, but is some-

times seen passing into brown hornblende. Some of the hornblende

of this rock, however, may be original. The association of augite,

hornblende, and biotite in the rock is of the closest kind, but it is

difficult to say whether this association, in certain cases, should be

interpreted as due to intergrowth or to paramorphic changes, I

have been kindly supplied by Mr. T. Waller, of Birmingham, with

the following analysis of this beautiful rock:

—

Silica 37-8

Alumina 9*7

Ferric oxide 3*4

Ferrous oxide 7*0

Lime 4-1

Magnesia 22-9

Soda (with trace of potash) .... 0-8

Loss on ignition 14-0

99-7

As leucoxene occurs among the alteration-products in the rock,

titanic acid is certainly present ; it was not, however, specially

determined in the analj^sis, and it has therefore been included in

part with the silica and in part with the alumina.

The specific gravity of this rock is 2-81.

The picrite of Blackburn, near Bathgate §, which has also been

described by Dr. A. Geikie, resembles that of Inchcolm in its

mineralogical constitution, but is of especial interest to geologists

on two grounds. If the interpretation given of the relations of this

rock be a correct one, it affords an example of an ultrabasic rock

occurring as a lava-stream, and at the same time illustrates the

possibility of the heavier minerals in a lava sinking to the bottom

of it, so as to cause the lower portions of the stream to be of more
basic character than its upper part.

There is one of the older peridotites of Scotland, however, which

* Quart. Journ. Geol. Soc. vol. xxxvii. (1881) p. 137, and xxxix. (1883) p. 254.

t Trans. Roy. Soc. Edinb. vol. xxix. (1880) pp. 507, 508.

J Cole's Studies in Microscopical Science, vol. i. (1882) p. 45.

§ Trans. Roy. Soc. Edinb. vol. xxix. (1880) pp. 504-507.
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preseuts so many peculiar characters that it appears to me to be

worthy of special description. In some respects it appears to differ

from any rock of the class that has previously been described.

§ 3. The Scyelite (altered Mica-Hornblende-Piceite) of

Caithness.

This rock is of so remarkable a character and affords so many
striking illustrations of the principles enunciated in the foregoing

pages, that a detailed description of it seems to be called for.

It occurs as a boss rising above the thick mass of glacial gravels

on Aehavaiasdale Moor, situated in the Eeay country in the west

of Caithness, near to where that county borders on Sutherland. It

appears first to have attracted attention about fifteen years ago,

when Sir Eobert Sinclair and Mr. Tait noticed its peciQiar

appearance, and brought specimens of it to Thurso to submit to the

late Eobert Dick.

Mr. David Gunn, of Thurso, and Mr. John Gunn, of Dale, near

Halkirk, have taken much interest in this peculiar rock and its

surroundings, and have sent specimens of it to different museums
and to geologists in various parts of the country. To the former

gentleman I am indebted for a carefully constructed plan, showing
the dimensions and positions of the singular rock-mass, with a series

of specimens taken from different parts of it ; to the latter I am
under the very greatest obligation for specimens of the material in

the best state of preservation and for much valuable information

collected with much care and patience.

The boss of highly glittering rock, which is said to rise about

10 feet above the general level, is about 9 yards long from S.W. to

N.E. and about 7g yards broad from N.W. to S.E. It is surrounded

by a mass of disintegrated fragments derived from the same rock,

which extends over a nearly circular area about 25 yards in

diameter ; excavation to the depth of 5 feet in this disintegrated

material failed to reach the solid rock. The bright silvery scales

so abundant in the rock and the soil derived from it, together with

the covering of grass with which it is clothed, make the boss a very

conspicuous object in the midst of the heath-covered moor.

Prof. Heddle states that the rock which surrounds the boss on all

sides is a "syenitic gneiss ;" but owing to the thick covering of drift-

gravel the actual junction between the two rocks has not been
reached in any of the excavations that have been made.

Carefully selected specimens of the rock were sent to Mr. Hugh
Eobert Mill, E.Sc, P.I.C, and by him were submitted to chemical

analysis in the laboratory of the University of Edinburgh. I have
that gentleman's permission to publish the results which he obtained.

Three more or less complete analyses of the rock were made, giving

the following results :
—
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I. II. III.

Silica 41-74 42-17 42-04

Total iron as ferric oxide 1 1 "58 10-36 10-92

Alumina 3-08 3-97 3-48

Magnesia 26-83 30-65

Lime 475 3-77

Manganous oxide *70

Soda and potash 4-85 1-90

Water and carbonic acid 7'78 7-19 7-67

Ferrous oxide 3-63 2-01 2-40

Erom a discussion of the results which, the analyst considered

most reliable, he gives the following as the composition of the rock :

—

Silica , 42-10

Alumina 3-28

Ferric oxide 8-27

Ferrous oxide 2'13

Manganous oxide '70

Lime 3-77

Magnesia 30*65

Soda and potash 1-90

Water and carbonic acid .... 7-73

100-53

The specific gravity of the rock was determined for me by Mr.
Grenville Cole on the least altered specimen I could procure, and
proved to be 2-82.

The proportions of silica, alumina, magnesia, and water indicate

that the rock belongs to the class of the ultrabasic rocks, and that

it is in an altered and hydrated condition.

The macroscopic appearance of this rock is very peculiar. It most
nearly resembles some of the so-called '-' Schiller-spars," especially

the paler varieties known as diaclasite ; but closer examination

shows that, as Prof. Heddle pointed out, it is a perfectly unique rock.

The most conspicuous mineral in the rock has a micaceous

appearance, with a pale bronzy-yellow colour and a submetallic

lustre. The rock breaks in large flat planes^ along the cleavage of

this mineral, and in some cases these planes of fracture cut one

another at such sharp angles as to give the impression that the rock

is made up of a number of large prismatic crystals. At the request of

Mr. L. Fletcher, to whose advice and assistance I am greatly

indebted in connexion with these studies, Mr. Miers, of the j^atural

History Museum, made a series of measurements with the contact

goniometer, the results of which were so discordant as to prove

that these planes are neither crystal-faces nor planes of cleavage.

The conclusion was confirmed by the study of large sections of the

rock, which show that the micaceous mineral lies in different positions

within each of the pseudo-crystals.

Prof. Heddle regarded the micaceous mineral as talc *, and he

states that the rock is made up of that mineral, with augite, some

* 3Iineralogical Magazine, vol. t. (1884) p. 260.
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serpentine, and magnetite. But while the hardness of the micaceous

mineral is very variable, depending on the extent of alteration it has

undergone, I found it, in fresh specimens, to be no less than 3 of Mohs'

scale. The specific gravity was determined, by taking the density

of a solution of the boro-tungstate of cadmium, in which particles of

the mineral remain just suspended, to be 2*8 ; examined with the

blowpipe it is found to be extremely infusible, only the very thinnest

splinters showing traces of whitening and fusion on the edges after

prolonged action with a powerful flame. In the blowpipe-beads it

gave a faint iron-reaction. It is scarcely acted upon at all by
either boiling hydrochloric or sulphuric acid.

The general appearance and many of the properties of this

mineral so strongly resembled those of the altered enstatites

(diaclasite or bastite, &c.) that I was for some time inclined to

refer it to one of those species. This conclusion appeared to be
confirmed by a study of slices under the microscope ; for while its

extinction appeared to be that of a rhombic mineral, it was seen to

contain great numbers of tabular inclusions, like those found in,

and often regarded as characteristic of, enstatite, bronzite, and
hyperstheue. A thin flake of substance which was examined by
Mr. Fletcher in a polariscope with convergent light seemed to indi-

cate that the mineral is a uniaxial one, however, and I accordingly

determined to attempt to isolate the mineral and submit it to analysis.

The isolation of the mineral proved, in this case, to be a task of
considerable difficulty. Prom the powdered rock the magnetite and
the minerals which adhered to it were removed by an electro-magnet.

The irregular grains of serpentine, it was found, could be separated

from the flaky particles of the micaceous mineral and of hornblende
by repeated washings in water. But the latter two minerals
were found to be only very imperfectly separated, owing to their

similar density, by the boro-tungstate solution ; and enough material

for a partial analysis could in the end be only obtained by laborious

picking under the microscope. I am greatly indebted to my
assistants in the geological laboratory of the i^ormal School of

Science, Mr. G. Cole and Mr. W. Atkinson, for the patience and
care with which they carried out this process of separation and the
subsequent chemical operations. These operations were necessarily

performed upon extremely small quantities of material, so that the
results obtained from the several different determinations did not
show a very close agreement. They were, however, sufficient to
prove that the mineral had a composition which may be approximately
represented as follows :

—

Silica 38-0

Alumina 13-0

Iron oxide calculated as ferric oxide .... 4*5

Lime 5*0

Magnesia 24*0

Water 6-5

Alkalies ? by difference 3*0
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It will be observed that tbis analysis differs from that of biotite,

the only uniaxial mineral which suggests itself for comparison, by
the low proportion of ferric oxide (which is only to some extent

compensated for by the higher alumina-percentage), by the large

proportion of lime and water, and the probably low percentage of

tbe alkalies.

Under these circumstances it became necessary to make as accurate

an examination of the optical properties of the mineral as was
possible, and in doing this I had the great advantage of the advice

and assistance of Mr. L, Fletcher. Elakes of the mineral were
mounted in Canada balsam, and examined by means of a microscope

constructed by Xachet, of Paris, on the pattern described by
MIT. Fouque and Michel Levy*. This microscope has the great

advantage of permitting the interference-figures, exhibited by
the polariscope with the converging system of lenses of Bertrand

and von Lasaulx, to be examined even with the highest powers.

MVe found in this way that not only was the mineral practically

uniaxial, but that even when compared with other so-called uniaxial

crystals, like the Yesavian meroxene, for example, the interference-

figures indicate an excessively small axial angle. The only mica

with anything like so small an axial angle which we were able to

find was a remarkable pale-coloured, silvery biotite from Easton, in

Pennsylvania, which does not appear to have been analyzed, though

its optical characters have been described by Blakef.

In the determination of the other minerals in the rock, far less

difficulty was experienced.

The most abundant constituent of the rock, as seen in thin sections

under the microscope, was found to be a green hornblende. In the

greater part of the rock the characters of this mineral were clear

and unmistakable. By transmitted light its colour is a very pale

green, and its pleochroism, though distinct, was by no means vivid.

Basal sections afforded the means of measuring the angle of the

principal cleavages as exhibited in well-marked cleavage cracks, and
left no doubt as to the species of the mineral, and this is confirmed

by its extinction-angle. In many places the hornblende is very

clear and fresh-looking, and free from inclusions of all kinds except

the grains of magnetite scattered through it. But in places this

pale green mineral exhibits traces of the peculiar tabular inclusioiis

of diallage, and in such portions of the crystals the extinction-angle

indicates that we are dealing with an augite rather than with a

hornblende. The conclusion to which I am led by the study of a

large series of preparations of this rock is, that the mineral was
originally augite, that it was by Schillerization converted into diallage,

and that subsequently this diallage was amphibolized. In many
slices of the rock, however, the mineral is a perfectly clear and

fresh-looking hornblende, and exhibits no trace of its secondary

origin.

Enclosed in the hornblende, and often penetrating into its fissures,

* Mineialogie Micrograpliique (1879). p. 27.

t Amer. Journ. Sci. vol. xii. (1851) p. (5.



OLDEK PERTDOTITES OF SCOTLAND. 405

is a dark-green serpentine. Examined with high powers of the

microscope, this serpentine is seen to be filled with black and brown
enclosures, some rod-like and stellate in form, others of a tabular

character. Sometimes these inclusions are arranged in one set of

parallel planes only ; in other cases they lie in two sets of planes

intersecting one another. There can be no doubt that much of this

serpentine is pseudomorphous after olivine ; but some of it may
replace enstatite.

The micaceous mineral presents very different conditions in

different portions of the rock. Most frequently it appears to have

been changed into a creamy yellow, amorphous substance, which by
polarized light shows all the characters of an alteration-product

;

but in the fresher examples of the rock it exhibits the peculiar

outlines and the strong basal cleavage of a mica. From ordinary

biotite, however, it is distinguished at once by its pale colour, a

faint buff-yellow, and its feeble pleochroism, which is, however,

sufficiently well marked to be unmistakable. In places the fresher

part of this mineral is rendered black and almost opaque by the

abundance of tabular inclusions which it contains ; these appear to

be arranged in planes parallel with the basal plane, that is to say

in the direction of the principal cleavage. The distribution of these

inclusions is strikingly local, some parts of the mica crystals being

almost entirely free from them, while in adjoining portions they

have become so frequent as to entirely destroy the translucency of

the crystal.

Small grains of magnetite are found scattered through all the

minerals of the rock ; but of accessory minerals there are only a few
traces. Yery rarely indeed could any minerals be detected which
might be regarded as ^""teration-products of felspar.

By drawing, with the aid of a camera-lucida, the outlines of the

crystals in a section of the rock, and cutting out and weighing the

fragments of paper representing each mineral, an estimate was
formed of the proportions which the several minerals bore to one

another in the rock. The operation, repeated in the case of a

number of sections, so as to afford a good general average, gave the

following percentages :

—

Hornblende 58*5

Serpentine 22*0

Altered mica 18'5

Magnetite and accessory 1 -.^r.

minerals
J

This result appears at first sight very different from what might
be expected from a macroscopic inspection of the rock, which would
lead one to regard the conspicuous mica as the predominant con-

stituent. But minerals with a strong cleavage like mica are very

apt to make a much greater show on fractured rock-surfaces than

their actual abundance in the rock entitles them to do.

The microscopic structure of the rock is a very marked one. The
hornblende-crystals enclose rounded grains of serpentine and crystals

Q.J.G.S. No. 163. 2f
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of mica. The hornblende occupies precisely the same relation to

these minerals as the augite does to the olivine in the peridotites of

the Shiant Isles. The structure of the scyelite is therefore distinctly

ophitic.

The study of this rock leads to the conclusion that, in spite of

the clear and fresh appearance of most of the minerals of which it

is made up, they are all of secondary origin.

The hornblende is a paramorph after augite, some at least of

which had been previously converted into diallage. Yery similar

hornblende occurs in some examples of the picrite of Schriesheim,

and this rock exhibits, as Professor Bonney observes, every gradation

from augite to hornblende *.

The serpentine of the rock clearly replaces olivine, and in some
cases probably enstatite also, as is indicated by the peculiar nature

of the enclosures, which often persist and retain their form after the

hydration of the enclosing mineral.

Whatever the micaceous mineral should now be called, it appears

to have been originally a highly magnesian biotite, that is to say

an approximately uniaxial mica. Its pale colour and feeble

pleochroism appear to be clearly related to the low percentage of

iron which it contains.

Another peculiarity in this mica is probably thereplacement of much
of the alkalies by basic water. How far these peculiarities of the

mineral are original, and how far they are of secondary origin, it

may be difficult to determine. The abundant tabular enclosures in

the mineral point to the conclusion that Schillerization, or the dis-

solving-out of the iron and its collection into the hollows of negative

crystals, has gone on to a considerable extent. It was probably at

the first a biotite, very rich in magnesia and poor in iron, with the

potash largely replaced by basic water ; but some of the iron and
the alkalies have not improbably been removed during the process of

Schillerization.

That such biotites with a low percentage of iron not unfrequently

occur in the ultra-basic rocks is highly probable. I have found a

mica similar to that of the scyelite in several altered peridotites,

among others some varieties from Schriesheim. The mineral may
easily be mistaken for an altered enstatite, from its optical properties.

Dr. Heddle has analyzed a mineral occurring in the serpentine of

Mmtown, Glen Urquhart t, which appears to be analogous to the

biotite of the scyelite. The mineral is stated to be pale green or

nearly white in colour, to have a specific gravity of 2'781, and to be

associated with large pale crystals of hornblende.

The analysis is as follows :

—

* Quart. Journ. Greol. Soc. vol. xxsix. (1883) p. 256. [Professor Cohen has

recently pointed out that the mineral formerly taken for diallage in tJie

Schriesheim picrite is reaUy hornblende (Neues Jahrb. fiir Min. 1885, vol. i.

p. 242).]

t Trans. Eoy. Soc. Edinb. vol. xxix. (1880) p. 18.
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Silica 40-307

Alumina 12-582

Ferric oxide 1-809

Perrons oxide 3-335

Manganous oxide 0*384

Lime 7*581

Magnesia 21-000

Potash 6-561

Soda 0-953

Water 5-738

100-250

The small proportion of the iron-oxides and the quantity of lime

suggest a resemblance to the mineral of the scyelite. This pale-

coloured mica is said to pass into a lustrous brown variety of

ordinary biotite, containing 4-913 per cent, of ferric oxide and 19-802

of ferrous oxide.

Nowhere perhaps would it be easy to find a better example of

the different changes to which the minerals of igneous rocks are

subject. If our interpretation be correct, the scyelite was originally

a picrite with well-marked ophitic structure, made up of augite,

enclosing and intercrystallized with grains of olivine, with some
enstatite, to which was added a considerable quantity of a highly

magnesian biotite.

The first change to which this rock was subjected was clearly due

to deep-seated action, and resulted in the conversion of a part, at

least, of the augite into diallaj^;^, in the development of tabular and
other enclosures in the olivine and enstatite, and in a similar change

in the biotite.

Subsequently to this, and under totally different conditions, a new
set of changes was brought about in the rock. The augite was
converted into hornblende, the olivine and enstatite into serpentine,

and the mica became more or less hydrated, losing in some parts of

the mass its physical and optical properties. Yet during all these

changes the form and relations of the original minerals were not

destroyed, and in the later alterations the structures produced by
the first set of changes were so far spared as to admit of our deci-

phering the history of this singular rock.

SUMMAKT OF ReSTTLTS.

Prom the observations described in the preceding pages, it appears

that many rock-forming materials may be made to assume new and
unfamiliar aspects by the development of enclosures along certain

planes within their crystals. In this way the augites are converted

into diallages and pseudo-hypersthenes, and the ferriferous enstatites

into bronzites and the varieties to which the name of hypersthene

was originally applied ; similarly, olivine passes into a black, opaque,

fissile mass, which has frequently been taken for magnetite, and the

felspars acquire avanturine and chatoyant characters. Por the process

2f2



408 PROF. J. W. JT7DD ON THE TEETIART AND

bywhich this change has been brought about, the name of " Sehilleriza-

tion " is proposed, and diallage and common hypersthene are shown
to be Schillerized forms of augite and ferriferous enstatite respec-

tively. In the case of some minerals, and notably the rhombic
pyroxenes, the altered forms are much more familiar to minera-
logists than the unaltered.

The enclosures which exist in these Schillerized minerals, giving

rise to their peculiar colour, lustre, and sheen, are of the nature

of negative crystals, more or less completely filled with products of

decomposition, such as hydrated silica and hydrated ferric oxide.

When these isotropic mixtures fill the whole cavity of the negative

crystal, the enclosures appear to have definite crystalline forms

;

in many instances, however, they form patches with more or less

irregular outlines, partially filling the hollow of the negative crystal

;

and sometimes the crystalline forces have come into play and have

caused them to assume " dendritic " forms within the cavities where
they are deposited. These negative crystals, with their contents,

vary greatly in size, from objects visible to the naked eye down to

such as can only just be recognized by the highest powers of the

microscope, while there are probably others which are ultramicro-

scopic in their dimensions.

The production of the Schillerized condition in minerals is shown
to be related to the depth at which the crystals have originally

existed in the great central cores of the Hebridean volcanoes. The
Schillerized forms of the minerals are only found in deep-seated

intrusive rock-masses ; but the converse of this statement is not true,

for in deep-seated rocks this change is sometimes evidently local, and
some of the crystals may have altogether escaped it. The degree

of Schillerization increases also with the depth at which the rock

has existed.

An efficient agent for the production of this Schillerization, that

is the formation of negative crystals and their more or less complete

infilling with decomposition-products, is pointed out in the solvent

action of heated water and other fluids acting under great pressure.

This solvent action takes place most readily along certain planes

within the crystal, and these directions of greatest susceptibility to

chemical action differ from those of easiest fracture (cleavage-planes) ;

the positions of such planes are perhaps also dependent to some extent

on twin-structure, facts for which we were prepared by the closely

related phenomena of the Aetzfiguren. We have here, in fact, the

phenomena of the Aetzfiguren seen in three dimensions—that is to

say, displayed in a solid instead of on a surface.

In some cases the secondary products contained in the negative

crystals seem to be derived from the mineral in which the hollows

occur ; in other cases, as in the felspars, it is clear that they must
have been, in part, brought from outside the crystals afi'ected.

The partial solution of minerals which results in the formation of

negative crystals within them often brings about great changes in

the colour, in the pleochroism, and in the positions and relations of

the optic axes of the original crystals. It is probable that the iron-
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silicates are among the first to be attacked by the solvent agents, and

the products formed by their decomposition are the first to be de-

posited within the negative crystals.

To the same cause, the presence of water and other liquids under

pressure, we must assign the formation of a network of cavities

along fissures of the crystals of rock-forming minerals, these

cavities containing, in some cases, liquids with bubbles, and in

others solid substances which have crystallized within them.

While these networks of cavities sometimes lie along actual

fissui'e-planes in the crystal, in many other cases they form bands

traversing the crystal where no actual rupture can be seen to have

taken place. These bands of cavities probably indicate portions of

the crystal which have been in a condition of intense strain, along

which, according to a well-known physical law, solvent agencies

operate with greater force than elsewhere. The same band of

enclosures (marking a plane of strain) is often found traversing a

number of adjoining crystals in a rock.

The change by which certain felspars acquire their beautiful

play of colours is analogous to that by which the avanturine appear-

ance, or Schiller, is acquired ; but the former alteration appears to

be an ultramicroscopie one. It probably consists of the development

of thin plates of hydrous silica in a set of parallel planes within the

crystal. Like the Schiller structure, it is characteristic of minerals

which have formed parts of deep-seated rocks.

The twin-lamellae found in most plagioclase felspars appear not

to be necessary and origiujl structures of the crystals, but to have

been developed in them by strain, like the similar twin-lamellae in

the rock-forming calcites. While some of these twin-lamellae are

probably produced by the stresses and strains set up during the

cooling of a crystal after its first formation, as was illustrated ex-

perimentally by Foerstner, others among them are clearly of long

subsequent date to the consolidation of the rock, and have been

developed by the mechanical forces which have affected the whole

rock-mass leading to the formation of cracks in the crystals which
compose it.

By Schillerization the most striking mimicry of one mineral by
another may be produced. Thus the first stages of the Schillerization

of the monoclinic and rhombic pyroxenes are diallage and bronzite

respectively, minerals which have been constantly mistaken for one

another ; by a further change the same minerals may in turn pass

into pseudo-hypersthene and true hypersthene, minerals which
present the most striking similarity in their colour, lustre, and also

in their general aspect, when viewed in thin sections, and can only

be distinguished by their optical properties.

All the minerals, whether in their normal form or in their Schil-

lerized condition, may be converted into their pseudomorphs ; and

this change is not always a molecular one only (paramorphism), but

is sometimes accompanied by hydration due to the action of water

penetrating from the surface or by other changes in their compo-

sition. Under such conditions augite is converted into hornblende,
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enstatite into bastite, and olivine into serpentine. These changes,

which are quite distinct in their nature and their origin from
Schillerization, may he greatly modified, however, by the alteration,

due to deep-seated action, which the minerals have previously un-
dergone.

As diallage is only an altered form of augite, it is impossible to

maintain as a separate class rocks whose only distinction is the

presence of that variety. Hence, as many petrographers have
admitted, it becomes difficult to accept the mineralogical distinc-

tion between gabbro and diabase. The name gabbro is so con-

venient, that its retention is advocated for all the most perfectly

holocrystalline (granitic) varieties of basic rocks, whether the augite

is in its normal condition or its Schillerized form (diallage). The
name diabase may be more conveniently employed for altered forms

of dolerite.

In many cases the process of Schillerization has resulted in the

conversion of the olivine into a black and opaque substance, often

mistaken for magnetite. Many of the gabbros supposed to contain

no olivine in reality have their olivine in this curiously altered

state. The class of the olivine-gabbros is much larger than is

usually supposed, and the group of gabbros without olivine is

proportionally restricted.

It has been shown that in the Western Isles of Scotland there

exists a series of ultra-basic rocks of Tertiary age which exhibit all

the essential features of the ultra-basic rocks of pre-Tertiary age, and
like them may be classed under the varieties of dunite, Iherzolite,

picrite, eucrite, and troctolite. These rocks are most intimately

associated with the gabbros and dolerites of the district, an
association which finds an exact parallel in the case of their older

representatives.

The study of the remarkable changes which the minerals of

these rocks undergo, as they are traced to successive depths from the

original surface, is greatly facilitated by the fact that, in consequence

probably of the late period of their eruption, they have suffered but
little from agents acting from the surface. In many cases the

felspars exhibit no trace of kaolinization, the augites are fresh and
show no signs of uralitization, and the olivines are not in the least

serpentinized ; thus the changes which are due to the action of deep-

seated waters are not in the least degree complicated with, or

concealed by, alteration of a totally different character and
origin.

But in the masses of peridotite of Palaeozoic age which are

scattered about Scotland quite opposite conditions prevail. The
dunites are converted into serpentine-rock, the Iherzolites into

bastite-serpentine, the enstatite-rocks into bastite-rocks, and the

augite-picrites into hornblende-picrites. But, in all these cases, a

careful study of the altered materials shows that originally they

were identical in mineralogical constitution and in structure with

the peridotites of Tertiary age.

In the scyelite of Caithness we have a very interesting example
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of an ultra-basic rock of a new and hitherto undescribed t}'pe. It

was originally a mica-picrite with strongly marked ophitic stnicture,

and exhibits evidence of some of its minerals having undergone
Schillerization ; but at the present time all the original minerals

are represented by their pseudomorphs—augite by hornblende, olivine

and enstatite by serpentine, and biotite by a curious hydrated
form of that mineral.

The recognition of certain characters in the rock-forming minerals

as being original and essential, and the distinction of such from other

characters which are secondary and accidental, is of the highest

importance to the petrographer and geologist, and not less so to the
mineralogist.

Rightly studied, these minerals are capable of furnishing

the geologist with evidence not only concerning the mode of

origin of the rocks of which they form a part, but also of the

changes which they have undergone since their first formation. The
study of the minerals included in the crystalline rocks is not less

important than that of fossils in the sedimentary rocks. And to

the mineralogist the study of the secondary characters of minerals,

and of the causes which have produced them, is equally necessary.

Eesearches of this kind, indeed, can scarcely fail in the end to

reduce many so-called mineral species to the rank of accidental,

though still highly interesting, varieties. But of still greater impor-
tance is the recognition of the fact that the investigation by the aid

of the microscope of the processes by which minerals have acquired

their several characters, and the consequent tracing of the evolution

of mineral species and varieties, is calculated to raise mineralogy
from its present rank as a merely classificatory science, to infuse it

with new life, to open out to it new realms of research, and to invest

it with a higher importance than is at present accorded to it in the

family of sciences.

EXPLANATION OF PLATES X.-XIII.

Plate X.

[Note.—Some of the details of these figures can only be distinctly seen by
employing a low-powered magnifier.]

Fig. 1. A crystal of felspar from a gabbro-vein traversing dunite at Scuir na
Gilean, Isle of Eum, viewed by polarized light with a magnifying-

power of 35 diameters. This crystal admirably illustrates the con-

clusion that the lamellar twinning must be regarded as a secondary

character of the plagioclase felspars. A large portion of the crystal

is quite free from any trace of the lamellar twinning. The crystal is

traversed by a number of cracks, and between the cracks, lamellar

twinning is seen in some cases to be dereloped. An examination of

the relations between the fissures and the lamellar twinning is con-

clusive as to the non-existence of many of the twin-structures before

the formation of some of the fissures which traverse the crystal.

This section also illustrates the manner in which lamellar twinning
is frequently developed along two different sets of planes in plagio-

clase felspar, and that these two sets of twinnings sometimes inter-

sect one another. The way in which these twin-lamellas are found
starting irregularly at certain points in the crj-stal, and dying away
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in the unt\Tiniied portioBs, like the similar twin-structures artificially

produced in calcite, is also seen. Some of these twin-structures may
have been developed by the strains set up in the cooling-down of the
crystal, others were probably induced by the movements in the rock-

mass which produced the fissures in the crystals that built it up.
(See pages 36-J^366.)

Fig. 2. Section of felspar in troctolite from Hahval, Isle of Rum. Magnified
225 diameters. This ciystal exhibits the first stages of alteration in

the felspars. It is traversed by numerous cracks,, and along these, as

well as in other parts of the crystal, many liquid- and gas-cavities

have made their appearance. Some of these cavities, which are of

considerable size, are particularly interesting from the fact that they
are seen by their regular forms to be negoMve crystals. In some
cases the infilling of these cavities with solid substances has clearly

commenced. (See pages 375, 376.)

3. Section of felspar from the olivine-gabbro of Loch Coruiskh, Isle of Skye.

Magnified 225 diameters. This felspar is in a more advanced state of
alteration. The cavities lying along lines of fissure or strain are
much more numerous and are in almost all cases filled with dark-
coloured products of decomposition. In addition, we see the first

traces of very minute dark-coloured tabular enclosiu'es (negative

crystals filled with decomposition-products) making their appearance
along one set of parallel planes within the crystal. (See page 376.)

4. Section of felspar from the oHvine-gabbro of Ardnamm-chan. Magni-
fied 225 diameters. This section shows bands of cavities, some of
which are partially filled with sohd materials, and tico series of

tabular enclosm-es (infilled negative crystals) arranged in two sets of
parallel planes which intersect one another nearlj- at right angles.

(See page 376.)

o. Another section of felspar from the same rock as the last, showing the
enclosures arranged in two sets of planes, as in the former example,
with the addition of a third series intersecting them. This section is

also magnified 225 diameters. (See page 376.)

6. Section of felspar from the olivine-gabbro of Loch Coruiskh. Magni-
fied 225 diameters. This shows irregular enclosures filling cavities

which lie along cracks and scattered irregularly through the crystal

;

also tabular enclosures arranged along no less than five different

intersecting planes in the crystal, namely, two pinacoidal, two pris-

matic, and one basal. The fii'st four are seen in section, the last in

plan. Besides these there are cloudy patches in the crystal, which the
highest powers employed are only partially capable of resolving

into similar but much more minute enclosures. (See page 376.)

7. Section of an excessively altered crystal of felspar from the olivine-

gabbro of Ardnamurchan. Shown with a magnifying-power of 225
diameters. The whole of the felspar exhibits a rich brown tint from
the abimdance of foreign enclosm-es which have been deyeloped in it.

These enclosures form nebulous-brown patches, which, with the verj-

highest powers of the microscope, can only be partially resolved into

irregular solid particles h-ingin cavities of the crystal, and tabular or

bacillar enclosures, filling negative crystals and developed along a

number of planes within the felspar. In other portions of the

section, the enclosm-es are sufficiently large to be rendered visible by
the power employed. A further concentration of the decomposition-

products has taken place in places, leading to the formation of dendriti-

form accumulations of the iron-oxides. &c. Although the crystal is so

gi-eatly altered, the characteristic lamellar twinning can be observed in

certain portions of it with the aid of the polariscope. This lamellar

twinning has evidently influenced the action of the solvent forces in

eating out negative crystals along certain planes, and in iafilling them
with decomposition-products. This example affords an ea.sy transi-

tion to the chatoyant felspars, in which the secondary structures are

e//?'ra-microscopica]. (See pages 376, 377.)
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Plate XI.

Fig. 1. Fissures and incipient fissures in the very fresh brown augite of the

ophitic dolerite from the Shiant Isles, showing the development of a

reticulation of cavities along the lines of fracture and strain within the

crystal. Most of these cavities are empty, or contain liquids in which

bubbles may sometimes be discerned ; but a few of them appear to be

filled with solid substances. These cavities are very minute ; they are

shown as seen with a magnifying-power of 500 diameters. (See

page 378.)

2. More altered brown augite from the picrite of central Rum. The
cracks and bands indicating strain are more numerous than in the

last example, and are marked by lines of cavities of much larger

dimensions, the cavities being in almost all cases filled with solid

decomposition-products which are dark-coloured and opaque. The
section is shown as displayed by a magnifying-power of 75 diameters.

(See page 378.)

3. Two crystals of augite from the olivine-gabbro of Loch Coruiskh, Isle

of Skye, showing the conversion, to a different extent in the two
cases, of this mineral into diallage. The action by which enclosures

are developed along planes parallel to the orthopinacoid is clearly

seen to be set up from the outer surface of the crystal. The central

parts of the crystal have all the chai-acters of ordinary aiigite, while

the peripheral portions are converted into true diallage. The objects

are figured as seen with a magnifying-power of 50 diameters. (See

page 379.)

4. Crystal of true diallage (foliated augite) from the olivine-gabbro of

Beinn More, Isle of Mull. At one end of the crystal the develop-

ment of another series of enclosures along the clino-pinacoid has

commenced, conver*"ing the crystal into pseudo-hypersthene. Seen
as magnified 100 diameters. (See page 379.)

5. Portion of crystal of augite from the olivine-gabbro of Loch Coruiskh,

Isle of Skye. This example shows that the development of enclosures

takes place most abundantly along lines of cracks and in their imme-
diate vicinity. Two sets of enclosures are in course of development
in this case—one parallel to the orthopmacoid, and the other parallel

to the clino-pinacoid. Seen with a magnifying-power of 75 diameters.

(See page 379.)

6. Structure of the pseudo-hypersthene from the olivine-gabbro of Loch
Coruiskh, Isle of Skye. Represented as seen with a magnifying-

power of 225 diameters. Two sets of enclosures are seen in section,

lying in planes nearly at right angles to one another. A third

much less perfect series of enclosures, with irregular outline, is ex-

hibited lying probably parallel to the basal plane. (See page 380.)

7. Crystal of highly ferriferous enstatite (amblystegite) from the olivine-

gabbro of Loch Coruiskh, Isle of Skye. The crystal exhibits only

the first traces of Schillerization. It exhibits the very strong pleo-

chroism and the rhombic extinction characteristic of the species to

which it belongs. Cavities filled with solid enclosures are developed
in great numbers along the lines of crack, and a few tabular en-

closures are developed along one set of parallel planes, so that the
mineral is seen to be passing into the bronzite-modification. The
crystal is shown magnified 30 diameters. (See page 380.)

8. Crystal of altered ferriferous enstatite, enclosing both felspar and
diallage, from the olivine-gabbro of Loch Coruiskh, Isle of Skye.

The crystal is slightly serpentinized in places. This crystal exhibits

the bronzite-modification over the greater part of the section, one
very conspicuous series of enclosures, seen in section, being well

developed in it ; but here and there a second set of enclosures, also

seen in section, and a third, viewed in plan, are also exhibited. The
crystal therefore illustrates the transformation of the bronzite-

modification of enstatite to the hypersthene-modification. Mag-
nified 100 diameters. (See page 380.)
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Fig. 9. Section of a crystal of typical hypersthene from Labrador, seen witli a
magnifying-power of 30 diameters. Tiiree sets of tabular enclosures,
which are of extraordinary dimensions, are seen in this section, two
in section and one in plan. One set of enclosures, seen in section,

is very persistent over the whole area ; a second, nearly at right
angles, is developed along certain bands, probably of strain ; and the
third, seen in plan, are also crowded along the same lines. The en-
closures seen in plan have often one straight edge (due to the limits

of the negative crystals in which they are developed) ; but on the
other sides they are irregular in outline, owing to the secondary
materials of which they are formed not entirely filling the negative
crystal. The material of the crystal in which these enclosures lie

has lost nearly every trace both of colour and of pleochroism. (See
page 380.)

Plate XII.

Fig. 1. Eepresents the surface of a crack traversing a crystal of olivine in the
gabbro of Halival, Isle of Rum, as seen with a magnifying-power of

225 diameters. The irregular cavities sometimes contain a liquid

and bubble, and at other times are empty ; more usually, however,
they are filled, to a greater or less extent, with dark-coloured, solid

materials which appear to be decomposition-products. By the
use of very high powers and special means of illumination fine

reticulating tubules can be detected uniting many of these cavities.

(See page 382.)

2. Shows the surface of a crack traversing an olivine crystal in the picrite

of central Eum. In addition to cavities filled with decomposition-
products, we find a beautiful dendritic network of magnetite and
other oxides, spreading itself over the surface of the crack. The
object is shown as it appears with a magnifying-power of 100 dia-

meters. (See page 382.)

3.. Portion of crystal of olivine from the picrite of central Eum, magnified

50 diameters. Showing enclosures along cracks filled with solid

substances, as in fig. 1 ; dendritic ramifications of magnetite over

the planes of cracks, as in fig. 2 ; and, in addition, numerous en-

closures in negative crystals arranged in a series of parallel planes

traversing the crystal. (See page 382.)

4. Very large and beautiful examples of the stellate bodies lying within the

negative crystals in olivine, from the picrite of Halival, Isle of Rum.
Magnified 75 diameters. In the crystals on the left, the stellate en-

closures are viewed in plan and their forms are well seen ; in the

crystal on the right they are gi-eatly foreshortened. When the

plane of the section is at right angles to that of the plane parallel to

which the negative crystals lie, the enclosures appear as fine dark
lines. This section also shows the lines of cavities filled with solid

substances passing along cracks in the olivine-crystals. (See page

382.)

5. A series of examples of very fine and large stellate enclosures in olivine

from the picrite of Halival, Isle of Rum. Magnified 225 diameters.

(See page 385.)

5 a. Illustrates the first stage in the formation of the stellate enclosures in

the negative crystals in olivine. The ramifying rods of magnetite

&c. are assuming a radiate arrangement, but have not united with one

another.

5b. Shows a very large and perfect stellate enclosure ; the edges have not

extended to the limits of the negative crystal, and therefore are

not bounded by regular lines.

5c. Shows two stellate enclosures, the growth of which has been interfered

with by the sides of the negative crystal. They also illustrate the

tendency of the stellate enclosures to pass into tabular ones by
additional deposits between the rays of the star.

5d. Illustrates the efiects of foreshortening on the apparent forms of these

stellate enclosures.
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Fig. 6. Crystal of olivine, with magnetite developed along the cracks and in-

vading the substance of the crystal. In addition stellate enclosures

of magnetite &c. are making their appearance in negative crystals

arranged in a series of parallel planes traversing the crystal. From
the troctolite at the top of Halival, Isle of Eum. Crystal shown
magnified 100 diameters. (See page 383.)

7. Portion of a crystal of olivine in which magnetite has been developed

along the cracks to such an extent as to render black and opaque
nearly the whole crystal. Portions of the olivine-substance, partially

converted into serpentine, remain here and there in the midst of the

mass. From the olivine-gabbro, Beinn More, Isle of Mull. Shown
magnified 50 diameters. [In the same rock many of the olivine-

crysta,ls are seen rendered altogether black and opaque by the de-

velopment of magnetite particles in them.] (See page 383.)

8. Crystal of biotite cut at right angles to the basal plane, and showing
Schillerization along the planes coinciding with those of the principal

cleavage ; from the scyelite of Loch Scye, Caithness. Seen as mag-
nified 50 diameters. (See pages 383 and 405.)

9. Two thin flakes of the same biotite, lying parallel to the plane of easy

cleavage of the mineral, magnified 100 diameters. The enclosures are

seen to be more or less regular plates, very similar to those found in

the hypersthene of Labrador. Two grains of magnetite are also seen

enclosed in the same crystal. (See pages 383 and 405.)

Plate XIII.

Varieties of the Ultra-basic Eocks of Scotland. All the sections are repre-

sented as seen with a magnifying-power of 30 diameters

Fig. 1. Olivine rock (dunite) of the Shiant Isles. Consisting of a mass of

granules of clear olivine, only rarely showing faint signs of serpenti-

nization, A few scattered particles of brown augite, of anorthite,

and of magnetite (or chromite) are scattered among the olivine-grains

which make up the bulk of the rock. The oUvine is clear and almost
entirely free from enclosures of secondary origin. In the form of

the olivine-grains this rock resembles the dunite of St. Stephan in

Upper Styria ; but in the perfect freshness of the olivine it finds its

analogue in the typical dunite of the Dun Mountain, near Nelson,

New Zealand. (See page 394.)

2. Porphyritic olivine rock (dunite) from the flanks of the mountain of

Scuir na Gilean in the Isle of Eum. The rock consists of an aggre-

gate of minute olivine-grains with a little augite, through which larger

crystals of olivine are scattered. These larger crystals exhibit the

dusty appearance produced bj'' the development of numerous stellate

and tabular enclosures in negative crystals, and lying in two inter-

secting sets of planes within the crystal. The olivine is quite free

from any trace of serpentinization. (See page 391.)

3. Olivine-augite-enstatite rock (Iherzolite) from the top of Halival, in

the Isle of Eum. The structure of this rock is intermediate between
the granitic and the ophitic. The olivine forms rounded grains con-
taining a few large stellate enclosures, and is often enclosed in the
augite or enstatite ; the augite is bright green in colour, and is not
improbably a chrome-diopside, and the enstatite. is a ferriferous one
(proto-bronzite or proto-hypersthene), of a rich brown colour, with
very marked pleochroism. Scattered through the rock are a few
grains of chromite or picotite. Felspar is only present as a rare and
accessory ingredient of the rock. The augite and the enstatite show
slight traces of Schillerization. These two minerals cannot be distin-

guished in the drawing. (See page 392.)

4. Ophitic picrite (augite-olivine-rock) from the Shiant Isles. The rock is

made up of very lai-ge crystals of deep brown augite, which enclose

numerous rounded grains of olivine, while these latter, in turn,

enclose rounded grains of chromite or picotite. The minerals of this
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rock are free from all traces of Schillerization. The crystals of
augite are so large that one fills up the whole field of view. (See
page 394.)

Fig. 5. Anorthite-olivine-rock (troctolite) from the top of Halival, in the Isle

of Eum. The rock, which constitutes a vein traversing ohvine-
gabbro, consists of a mass of interlacing anorthite-crystals, through
which are scattered grains and aggregates of grains of olivine. The
olivine is crowded with large stellate inclusions, and its outlines and
cracks are rendered black and opaque. Except in the freshness of
its minerals and in its finer grain, this rock exactly resembles the

forellenstein of Volpersdorf and the Hartz. The scale on which the

minerals are developed is, however, somewhat smaller. Sections of

the Scotch rock would resemble that of Volpersdorf if the former
were magnified three times more hnear than the latter. (See page
395.)

6. Anorthite-augite-rock (eucrite) from Hahval, in the Isle of Rum. This
rock, which also forms veins in the olivine-gabbros, consists of a mass
of interlacing anorthite-crystals, perfectly unaltered, through which
are distributed granular particles of an augite of a green colour,

which is more or less perfectly converted into diaUage by Schilleri-

zation. In some parts of the rock, a ferriferous enstatite is added to

the two principal constituents, and this mineral sometimes prevails

almost to the exclusion of the augite. Tliis eucrite is of a decidedly

granulitic structure, but other rocks of the same mineralogical con-

stitution are coarse-grained and distinctly granitic in structure. (See

page 395.)

7. Altered, ferriferous-eustatite-rock (bastite-rock) from Oarrock Den, For-
farsliire. This rock occurs in the midst of a great dyke of serpentine

which traverses the Old-Eed-Sandstone strata ; it is made up of

an aggregate of ferriferous-enstatite-crystals in a somewhat altered

condition, the whole being traversed by cracks filled with serpentinous

material. Except for the amount of alteration the rock has under-

gone, it exactly resembles the " bronzite-rock " of Kupferberg in

Bavaria, and of St. Stephan in Upper Stj-ria. (See page 399.)

8. Mica-hornljlende-picrite (scyelite) from an intrusive mass near Loch
Scye, in Caithness. A number of grains of olivine, now converted

into serpentine, are enclosed in crystals of pale green hornblende

(seen in the lower left-hand part of the shde), paramorphic after

augite, and of a highly magnesian biotite (seen in the upper right-

hand part of the slide). The biotite is, in places, darkened by nume-
rous inclusions arranged parallel to the basal plane, or in the direc-

tion of the principal cleavage. (See pages 401-407.)

Figs. 1-6 are from Tertiary rocks.

Figs. 7 & 8 are from Paleozoic rocks.

DiSCTJSSIOllf.

Mr. Etjtley said that the points raised in the paper were so

numerous that it became very difficult to discuss. The twin-

structure in calc-spar was probably produced by pressure; but

with regard to triclinic felspar the case seemed different ; and he

felt doubtful whether aU twinning could be developed by pressure

;

for, if so, the same structure would be produced in orthoclase.

Besides, twinning usually occurred in two directions in the tri-

clinic felspars—namely, parallel to the basal plane and to the

brachypinakoid. If due simply to pressure, why should it not some-

times occur parallel to the macropinakoid ? The proposed term
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SchiUerization might prove useful, but he questioned whether some

of the results attributed to it might not be due to weathering.

Mr. Baijerman felt the same difficulty that had been alluded to

by the previous speaker in entering upon the discussion of this

paper. He remarked that the twinning of triclinic felspars was

not an essential peculiarity, as he had seen specimens in which it

was absent ; but he considered the origination of twinning from

pressure unproved, as there was no difference of cohesion in diffe-

rent directions sufficient to produce twinning. Twinning is espe-

cially well seen in albite crystallized freely in druses in mineral

veins. Pseudostructures of lower symmetry in boracite &c. are

due to change of structure produced in cooling, and quite distinct

from twinning in felspars.

Rev. E. Hill said that all banding that he had observed in igneous

rocks, glass, &c. varied gradually from point to point when due to

pressure, and thus differed from that described by the Author.

Mr. HuDLESTON remarked that magnesian rocks were very

mysterious. Their peculiarities are perhaps due to chemical com-

position. Gabbros are always found associated with serpentine and

olivine rocks. He inquired whether SchiUerization might not be

due partly to change of structure arising from something inherent.

As a case of change resulting from original peculiarity of compo-

sition, he quoted the analysis of a rock lately described by Mr.

Teall, which showed an amount of magnesia unusual for a non-

olivine dolerite. There was no mineral in that rock to absorb so

much magnesia except the augite, which must have possessed an

exceptional composition, and consequently an inherent tendency to

change : such inherent tendency might help to explain the phe-

nomena of SchiUerization. He further commented on the alterations

stated to have taken place in depth; for some Schillerized rocks, e.g.

bastite, are hydrated forms.

Prof. Hughes asked how far the relations of the rocks in

question to one another and the conditions of depth &c. could be

considered well established. In the example exhibited he thought

the vein called gabbro was due to alteration along a joint, of which
he saw traces on the back of the specimen in the divisional plane

which ran almost through the middle of the vein. It looked like

a vein along a faulted joint, and might be of any age later than the

olivine rock and subsequent to the jointing and faulting, and there-

fore not belonging to deep-seated conditions.

The President congratulated the Author on having, as he said^

driven another nail into the coffin of the classification of igneous

rocks by their geological age. He had always believed that the

altered peridotites of the Apennines were of Tertiary age. In
all cases that he had seen, the gabbro and peridotite were quite

independent rocks ; but he had seen picrite pass into diorite. He
himself had always found gabbro the newer rock, evidently deep-

seated ; for the crystallization was coarse even in small veins. He
also doubted whether plagioclastic twinning was due to pressure

;

for it is found in rocks not much pressed, such as lava-streams.
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He thought the mystery about magnesian rocks was artificial. He
suggested that the presence of diallage in deep-seated rocks might
be due to hydration owing to depth, because the water could not
escape. Amphibolization is well illustrated in the gabbro of Corn-

wall, when diallage is converted into hornblende at the surface.

The Author, in reply, said he did not mean to assert that

mechanical strain produced twinning, but only develops it where
the tendency already exists. It has been shown that this structure

is induced by pressure in calcite, and, if so, the same change is

possible in the plagioclase felspars. The case is similar with leucite

and boracite, in which, however, the twinning disappears on the

mineral returning to the original temperature of its formation. The
result of twinning in orthoclase is seen in microcline, and Lehmann
refers microcline-structure in Saxony to pressure. Hypersthene was
always, until lately, studied only in altered forms. Schillerized forms

are produced by deep-seated hydration, weathered forms by hydra-

tion near the surface. In reference to the alleged association of

diallage and magnesian minerals, he stated that several varieties of

augite pass into diallage. In answer to Prof. Hughes he said

that the veins in the specimens referred to are irregular injection-

veins.
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31, On the Steticttjee of the Ambtjlacea of some Possil Gteneea and

Species of E/Egulae Echiijoidea. By Prof. P. Maetin Duncan,

M.B. Lond., P.R.S., P.G.S. (Pead April 29, 1885.)

Contents.

I. Introductory Remarks.— II. General Remarks on the Structure of Ambu-
lacra.—III. Descriptions of the Ambulacral Plates of some Genera and Species,

and the necessity for the Introduction of Diplopodia, McCoy, and a new Genus,
Pledodiadema.—IV. Conclusions relating to the types of Ambulacra.—V. De-
scription of the Figures.

I. Inteoductoey Pemaeks.

The characters of the ambulacra of the Echinoidea have always been

considered of primary importance in the classification of that great

division of the Echinodermata.

The details of the structures of the ambulacra of the regular

Echinoidea have been long known in the instance of the Cidaridge,

in some of the Salenidce and Echinometridse, and in many genera of

Echinidae.

The study of the structures led to the separation of the groups of

genera with simple plates and one pair of pores to a plate from
those having compound plates with three or more pairs of pores-

Cidaris has been acknowledged as the type of the first group, and,

thanks to the elaborate investigations of Loven *, Strongylocentrotus

may be considered the type of the other series.

In a monograph Dn the fossil Echinoidea of Sind, by the

author and Mr. W. Percy Sladen, E.G.S., there is a description

of two species of Ccelopleurus from the Oligocene, and the illus-

trations which accompany the work fully explain that there is

a type of ambulacral plate which departs from the received idea

regarding the intimate structure of plates with triple pairs of pores f.

Subsequently some researches by the same authors proved that the

Arbaciadse and the recent Diadematidae had their ambulacra con-

structed on a plan hitherto unobserved, and which separated the

groups distinctly +. Having obtained a knowledge of the characters

of the recent forms, the study of the corresponding details of the

fossil species became tolerably easy.

The results of this study are now offered to the Society.

I have to thank the executors of the late Dr. T. Wright, P.P.S.,

for permitting me to examine and draw what was necessary from

the beautiful specimens in their charge. I am also very glad to

have the opportunity of thanking the authorities at the British

Museum and at the Museum in Jermyn Street for allowing me to

study the collections.

In the majority of fossil regular Echinoidea the pairs of pores of

* Loven, Etudes sur les Echinoidees, 1874, p. 19.

t ' Palasontologia Indica,' ser. xiv. fasc. iv. pi. xxxix. (1884).

I Journ. Linn. Soc, Zool. vol. xix. pp. 25 and 95 (1885).
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the ambulacra can be readily observed ; but the separations of, or

the sutures which unite, the edges of the plates are usually not to

be seen. Many weathered specimens of Oolitic and Cretaceous

species show all the details of the ambulacra ; and when they are im-

perfect or slightly confused, the knowledge of the position of the

plates in the modern allies of the fossil forms renders the action

of reagents almost invariably successful in distinguishing them. But

it is not possible to make out the limits of the ambulacral plates in

some specimens, and usually these forms are the most perfect in their

state of preservation. Weathering and the action of Loven's reagent,

alcohol mixed with glycerine, assist the investigation of the fossils,

and most liquids which permeate the plates and evaporate rapidly

will assist in the investigation of recent Echinoidea.

II. Genebal Eemaeks on the STRTJCTirEE OF Ambtjlacra.

An ambulacrum extends from the actinal edge of a radial

(ocular) plate to the edge of the peristome; it is composed of a

number of plates which are placed in two rows or zones on either

side of a vertical or median line, and each row consists of plates

located in succession from the radial plate to the peristome. The
plates of one row are united by suture with those of the other, and
the junction occurs along the median line, the extremities of the

plates being more or less angular. The plates of one zone are not

on an exact level with those of the other, for the angle of one plate

fits into the reentering angle which exists between two of the

opposed plates. The edge of each plate in contact with the inter-

radium is also more or less geometrical, but it may be rounded off

in shape, instead of angular. The plates in each row are united

actinally and abactinally with other plates. These unions are by
suture.

Each plate has a poriferous zone, and the rest forms part of an

iuterporiferous area ; and there is a pair of pores to a plate. In well-

preserved specimens the pair of pores is encircled by a raised dish-

like structure called a peripodium, and the pores are never placed

quite transversely or horizontally, but more or less obliquely, so

that the pore nearest the median line of the ambulacrum is on a

lower level than the other ; that is to say, the inner pore is adoral

to the other and is called the adoral pore. This pore is in contact,

in the young Echinoid, with the line of division between two con-

secutive plates, and notches the edge of the peripodium ; but it may
become distant from the suture during growth. In the Cidaridse

aU the plates are primaries, and each has its pair of pores. A
primary plate is one which reaches from the poriferous zone to the

median line or vertical suture, and which comes in contact there

with others of the opposite zone. In the Cidaridse the plates in-

crease in number by developing just at the actinal edge of the

radial plate, and one plate is formed after another.

At the peristomial end of the ambulacrum there is a corresponding
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separation of successive plates, so as to produce the characteristic

plating around the mouth seen in recent forms of Cidaris.

In the other families of the regular Echinoidea the addition of

new plates also occurs at the edge of the radial plate : but there is

a crowding of the plates more or less at the peristome, and the oldest

plates there gradually become absorbed at the very edge. So that

with the growth of the whole test in height there is a superabundant

growth of the ambulacra! plates, and, as Loven has well shown,

there is a downward or actinai movement of the ambulacral plates

from the radial plate to the peristome. This movement is compli-

cated by the fact that the ambulacral plates are all growing with

the rest of the test, and enlarging in all directions at the surface.

Moreover the growth -rate of some plates is greater than that of

others, and those which carry tubercles appear to have a greater

growth superficially than others. Consequently irregular pressure

is exerted by these plates on their neighbours, and the result is very

remarkable. Again, the movement of the plates above the ambitus

of the test, although comparativel}'- free, is of necessity diminished

near the peristome, in consequence of the more or less rigid state of

the peristomial region incident to the position of the auricles of the

jaws and their processes.

It is to these different facilities for and oppositions to a regular

and symmetrical growth that the varied shapes and characters of

the ambulacra and their plates are due.

It is an interesting and highly suggestive truth that aU the

regular Echinoidea should have their most radially situated plates

in the form of the simple primaries of the Cidaridae ; but at different

distances from the radial plate modifications begin to be seen, and

they are characteristic and of generic and specific value.

The modifications which were known and which had been care-

fully described by Loven before the publication of the " Eossil Echi-

noidea of Sind," in the ' Palseontologia Indica,' ser. xiv., were those

which characterize the Echinidse and some other forms, such as Stron-

gylocentrotus (fig. 1). In these the growth-pressure develops com-

pound plates by jamming and uniting the original primaries; moreover

the part of the primary remote from the poriferous portion is often

prevented from growing, or is absorbed by the growth-pressure. The
result is the formation of demi-plates which do not reach the median

line. Moreover the downward growth and the other varieties of

growth-expansion cause combinations of several plates, and produce

compound geometrical forms made up of three, four, five, and even.

* For the explanation of this and the following figures, see pp. 451, 452.

Q. J. G. S. No. 163. 2 g
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more plates, all more or less departing from their original shape.

Growth near the unyielding peristome produces shifting of the pori-

ferous parts of plates, and hence the apparent confusion of the pairs

of pores in that region in so many genera. It must be understood

that the confusion is only apparent, for Loven has explained it, and

no additional pairs of pores intercalated there during growth.

The physiological importance of the ambulacra to the Echinoid

cannot be over-estimated ; for the peripodia support the prehensile

or motor tentacles, and in the ArbaciadsB and the Diadematidae the

tentacles which are above the ambitus have a non-prehensile and

branchial function. The number of tentacles placed within a given

area is therefore of classificatory as well as of physiological im-

portance, and this number bears a definite relation to the number,

kind, and shape of the plates which constitute the ambulacra.

The Echinoidea with the simplest ambulacra are found in the

lower Secondary deposits, and it is advisable in the present inquiry

to commence with the description of some of the earlier forms of

the Diadematidae. It is proposed to consider the genera Remijjedina,

Wright, Pseudodiadema, Desor, Pedina, Agass., StomecJiinus, Desor,

Eemicidaris, Agass., Biplopodia, McCoy, and Cy^Jiosoma, Agass.

III. DESCRIPTIOlfS OE THE AmBTILACEAL PlATES OE THE GeIS'EEA

Hemipedina, Psetjdodiadema, Peddsta, STOMECHiDfus, Hemicidaeis,

DiPLOPODIA, AND CXPHOSOMA. ThE jSTeCESSITY EOE A NEW GeNIJS,

Plesiodiadema.

Genus Hemipedina, Wright, 1855.

The diagnosis of this genus will be found in the ' Monograph of

the British Eossil Echinodermata,' Pal. Soc. Lond. 1855, p. 143.

Dr. Wright made the following remarks concerning the affinities

of this genus with other genera :—" Hemijpedina is related to Pseudo-

diadema in having the pores unigeminal and the tubercles per-

forated ; but it is distinguished from Pseudodiadema by the absence

of crenulations from the summit of the bosses. It is related to

Pedina in possessing perforate and uncrenulate tubercles ; but it is

distinguished from that genus in having the pores unigeminal,

Pedina having the pores trigeminal as in EcJiinus. The elements of

the disk are likewise more largely developed. Eemipedina is related

to EcJiinopsis,'but is distinguished by the narrowness of the ambulacral

areas, the general depressed form of the test, the shape of the mouth-

opening, and the deep decagonal lobes of the peristome (that of

Ecliinopsis being almost deprived of incisions), together with the

greater size and development of the elements of the apical disk."

In the drawings of a species of Eemipedina^ Dr. Wright noticed

the long slender needle-shaped spines with fine longitudinal stria-

tions. He states, moreover, that the optic pore is in the centre

of the radial plate.

Eemipedina Jardinii^ Wright, has a considerable series of low and
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broad primaries near the radial plate, and extending far towards

the ambitus, and each plate is united by a separable suture to

the plates situated apically and actinally. At the ambitus three

primaries are seen to form a compound plate geometrical in figure,

and their separability is at an end. There are triple plates of

this character down to the peristome. Taking a compound plate

at the ambitus (fig. 2) as the example, it appears that it is

Pig. 2 (see p. 451).

broader than high, and that the pairs of pores, three in number,

are either straight or in a very slight curve. Two lines of suture

cross the compound plate, and they indicate the edges of the

primaries which have united to form it. One line is between the

aborally situate plate and the middle one of the combination, and
it passes from the adoral pore of the aboral pair inwards to

cross the base of the tubercle apically to the mamelon, and thence

it passes on to the median suture of the compound plate or,

as it is called, the vertical suture or edge. This line is very

faintly curved with the convexity towards the tubercle, or it

may be straight and cross the fiank of the boss. The other sutural

line is between the middle plate and the adoral plate, and it is in

contact with the adoral pore of the second or middle pair ; thence

it crosses the adoral flank of the boss actinally to the mamelon
and reaches the vertical suture with or without a curve. The
aboral plate of the combination is a low and broad primary which
includes a small portion of the boss, and the adoral plate is

of the same configuration as the other. The middle plate is rather

the largest, and is a well-formed primary which carries much of the

boss of the tubercle and all the mamelon.

The sutural lines between the. plates constituting the compound
plates are in some instances decidedly curved, with the convexity

placed towards the mamelon ; but this condition is replaced nearer

the peristome by quite straight lines. The formation of the almost

rectangular primaries in the combination resembles a simple appo-

sition of Cidaris-like plates, and it is interesting to notice this

primitive type merging gradually into the fully developed one, in

which, as in the ancient and modern Diadematoids, the curving of the

sutural lines is coincident with an enlargement of the middle plate

towards the median line at the expense of the plates above and
below, these plates then departing from the shape of those of the

Cidaridse.

Hemipedina Boweebankii, Wright.

There are some fine examples of this species in the Museum of the

2g2
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Geological Survey, Jermyn Street, and in most the number of single

primary plates near the apical end is very striking, indeed almost

leading to the idea that all the parts of the ambulacrum are made up
of them. But there are one or two compound plates preserved. In
one of these, near the peristome, the triple nature is evident, and the

line of suture between the middle and adoral plates is curved, and
passes from the adoral pore of the middle pair towards the mamelon
of the tubercle and thence to the median or vertical suture, the con-

vexity of the curve being directed apically. In another specimen the

line of suture between the middle and the aboral plate is seen, and
it is curved, with the convexity towards the mamelon. Hence these

compound plates are on the Diadematoid type, and it may be presumed
from the phenomena presented by the recent species of Diadema that

growth-pressure has changed the shape of the original primaries.

In one of the specimens in the Museum there are four plates and four

pairs of pores in one of the compound plates, and it appears, but
not very satisfactorily, that the additional plate is a low primary.

This is not without its significance ; for a similar structure is seen

in allied genera *.

Hemipedina marehamensis, Wright, from the Coral Hag, is a fine

form belonging to a section of the genus which has numerous
primary tubercles in rows on the interradia.

There is a specimen in the British Museum (no. 75923) which
shows the shape of the triplet of plates which combine to form a

geometrical plate near the ambitus. The compound plate is broader

than high, and there is a space between the tubercle and the median
or vertical suture (fig. 3). The direction of the sutures between the

Pig. 3 (see p. 451).

three plates indicates their shape, especially as the whole compound
plate is contained between an aboral and an adoral transverse

suture.

The pores are rather oblique, and the adoral pore of the first pair

is on the suture which unites the first and middle plates. The
line of this suture is, from the interradium to the adoral pore, and
thence with a curve, convex adorally, up the flank and over the top

of the boss of the tubercle apically to the groove at the base of the

mamelon, and then down the slope to the edge of the boss to reach

the median suture at a short distance from the aboral and inner

angle of the compound plate.

This first plate is therefore a low primary resembling the corre-

* With regard to Hemipedina BowerhanTcii, Wright (op. cit. p. 145), illus-

trated on plate ix. of the Monograph already noticed, it must be observed that

the figure 2 b cannot be correct. It represents the pores as if they were turned
upside down, and the adoral pore, or that which is furthest from the inter-

radium, as aboral to the other in position.
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spending plate of a modern Diadema. The middle plate is lowest at

the centre of the tubercular area, for it is nipped in by the curved edge

of the first plate and also bj^ an aboral curvature of the third plate.

But further towards the median line the middle plate, after carrying

the mamelon, expands, and is in relation with much of the boss

and the greater part of the compound plate. The third i^late has

its aboral edge curved apically, and it is a low primary, for the

suture between it and the middle plate reaches the median suture

just abactinally to the adoral and inner angle of the compound plate.

The resemblance of these plates to those of the typical and recent

Diademata is exact.

Perhaps the most striking species of Hemipedina is H. tuhercidosa,

"Wright (op. ciL p. 164), on account of its resemblance to a Hemi-
cidaris without crenulation, and with an unusual number of small

secondary tubercles in the interradia. It is a beautiful form, and is

even more Cida^^is-looking than Hemicidaris. The ambulacral

plates, however, do not always remain as simple primaries; for

towards the ambitus, where the tubercles increase in size rather

suddenly, there are three pairs of pores evidently in relation to as

many plates which have combined to produce a geometrically shaped

compound plate (fig. 4). The triple pairs may arch very slightb

Fig. 4 (see p. 451).

around or be straight at the edge of a great tubercle, which nearly

covers the entire plate. The peripodia, which are only slightly

oblique and broadly elliptical in shape, are not so crowded as they

are in Hemicidaris ; but they impinge upon the outer flank of the

tubercle, and in some specimens their relation to the plates which
their pores perforate can be appreciated.

Taking the first tubercle above the ambitus, it will be noticed to

be situated apically to a decidedly large one, and to be separated

from it by more space than exists between the other tubercles placed

in succession towards the peristome. The three peripodia are in a

slight arc, and the most adoral is slightly nearer the tubercle than

the others. The tubercle is a broad, low cone, with a well-developed

mamelon surrounded by a decided groove. Careful observation

proves that the adoral pair of pores has the adoral pore on a line

with a transverse suture which separates the combination to which
this poriferous plate belongs from the next plate in actinal suc-

cession. And on the adoral flank of the tubercle, and nearer the

base than the groove around the mamelon, is a line which can be

traced from the adoral pore o£ the peripodium which is the middle

one of the triplet, over the slope of the boss to the median line of

the ambulacrum.
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The line is that of the suture between the lower and middle plates

of the compound plate, and it limits the lower plate aborally and
the middle plate adorally. As this suture reaches 'the median line,

and as the transverse suture below also does this, the lower or

adoral plate of the triplet is a more or less rectangular primary.

On looking at the apical and inner part of the tubercle a line may
be seen passing along the side of the base of the tubercle and going

obliquely upwards, or aborally, to the vertical or median suture.

This line is to be traced over the boss aborally to the mamelon to

the adoral pore of the first pair of the triplet.

It is the suture which separates the aboral (or first) and the

middle plates of the triplet ; and as it reaches the median line,

the plate above it, or the first of the series, is a primary, highest

at the poriferous zone and low at the median line. This first plate

is bounded aborally b)' the transverse suture which adorally limits

the plate placed immediately abactinally, and which does not form

part of the compound tubercle-bearing plate under consideration.

The shape of the middle plate of the combination is determined by
the direction of the suture of the edge (adoral) of the first plate

and of that (aboral) of the third plate. The plate expands in the

direction of the median line aborally, and, moreover, is covered by
the mamelon and by much of the boss.

The structure of the tubercle-bearing compound plate immediately

adoral to the last is very simple. The tubercle nearly covers the

whole plate, except the narrow poriferous zone, and the peripodia

are rather oblique and in an arc, so that the third is nearer the

median line than the first of the triplet.

The course of the sutures from the adoral pores of the peripodia

is the same as in the simpler forms of Pscudodiadema and of the

modem Diademata. All the plates of the compound one are primaries,

and the middle one is the largest : it is covered by the mamelon
and by most of the tubercle near the median line, as well as by that

portion of the boss which lies on a transverse line with the second

peripodium. The suture at the adoral edge of the first plate crosses

the boss to the vertical suture with a slight convexity directed

actinally, and the suture at the aboral edge of the third plate crosses

the boss in the same manner, but the convexity is directed apically.

Hence the middle plate is expanded towards the median line, low at

the part where the mamelon is, as it were, nipped in between the

first and second plates, and not so low at the poriferous part. The
first plate is lowest in vertical measurement at the vertical suture,

and so is the third plate. The transverse suture which bounds the

compound plate adorally is in contact with the adoral pore of the

third pair.

There are no demi-plates in this species, and the compound
plates are different in construction from those of Hemicidaris.

Genus Psettdodiadema, Desor.

Desor (' Synopsis,' p. 63) gives a short diagnosis of this genus, and
classifies it in his group of Oligopores, that is to say in a division of
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the regular Echinoidea, the forms of which have three pairs of pores

only to each ambulacral plate.

Test of moderate or small size. The tubercles are of the same
size in both areas, and are crenulate and perforate. The tubercles

either only form two rows in the interradia, and may be without

secondaries, or they may be arranged in four or even six rows.

Poriferous zones simple. Spines smooth or faintly striated.

Eange from the Lias to the Cretaceous inclusive.

Desor notices that the forms thus diagnosed were termed, in the
' Catalogue Raisonne,' " Diadema,"' and were placed alongside of the

recent species which bear that generic appellation. But besides

being smaller than the modern forms, there is the character of the

latter which relates to the spines to be considered, according to Desor.

He reminds us that the spines in the modern species of the genus

Diadema are verticillate in their striated ornamentation.

Under the belief that this distinction was of great classificatory im-

portance, he separated the species which are found fossil, as belonging

to the genus Pseudodiadema, and took two species as typical of two
divisions of the genus

—

Pseudodiadema hemisphoericmn (Cidarites

pseudodiadema of Lamarck, or Diadema pseudodiadema, Agass. &
Desor) and Pseudodiadema mamillanum, Eomer. The first he con-

sidered represented the group with several rows of secondary tubercles

in the interradia ; and with the latter he associated all the forms

with only two rows of tubercles in an area.

It will be noticed that in the diagnosis Desor did not find a place

for certain species which have been admitted since, and which have

a doubling of the pairs of pores in the region above the ambitus.

McCoy had separated the species with doubling of the pairs near

the apex from Diadema, and had founded the genus Diplopodia for

them. Wright, however (op. cit. p. 109), adds to the generic cha-

racters of Pseudodiadema, " the pores in one section are unigeminal

throughout, and in another section they are bigeminal in the upper

part of the zones."

The same autbor states that Pseudodiadema differs from Diadema
in having solid spines, with a smooth surface, the sculpture, in most

cases, consisting of microscopic longitudinal lines. He also remarks

that the genus diff'ers from Cyphosoma in having the tubercles

always perforated. The necessity for allying Cyphosoma and thus

adding to tbe confusion is a consequence of admitting forms with

doubling of the pores into the genus Pseudodiadema. Wright
noticed the genus Diplopodia, and remarks as follows in placing it

on one side :

—

^^ Cceteris parihus, the crowding together of a greater

number of pores in a zone is, at most, a sectional, and can never form

a stable generic character, inasmuch as it is subject to great varia-

tion in the diplopodous species themselves, and is, moreover, often

only an adult development."

Having studied the morphology of the ambulacra of the recent

Diadematidse (Journ. Linnean Soc, Zool. vol. xix. p. 95) I was
greatly impressed with the results of a careful examination of many
forms of the allied genus Pseudodiadem>a. I came to the conclusion
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that the whole subject of the classification ought to he reinvestigated,

the morphology of the ambulacra being considered of primary im-
portance. It became easy, after the examination of weathered speci-

mens, to decide that whilst some recognized species oi Pseudocliadema

were evidently Oligopores and closely allied to the modern Diadema^
others were Polypores, having sometimes as many as fi.ve or six pairs

of pores to an ambulacral plate. Again, some species are allied to

the recent forms by having the optic pores at the actinal margin of

the radial plate, and by having decided branchial cuts and even tags

arising from the cuts. Moreover the structure of CypJiosoma being

known to me, I could hardly consent to so close an alliance as

Dr. Wright suggested between it and Pseudodiadema.

Pseudodiadema hemisj)hcericum is well drawn byBone in Dr.Wright's

Monograph of the Erit. Foss. Echinodermata, pt. 1, 1855, plate viii.

The shape of the radial jDlates and the position of the optic pore at

the very margin of the plate are clearly indicated, and the drawing
of an ambulacrum (fig. ] d) shows the relation of three pairs of pores

to each tubercle-bearing plate. The exact relation of the pairs is

not shown ; for the specimen was so perfect that no sutures probably

were visible. But in the British Museum there is a specimen

(No. 23329) from Malton, named, as of old, Diadema pseudodiadema,

and the lines of the sutures may be seen here and there.

In the great majority of the ambulacral plates there are three

pairs of pores. Each pair is in a primary plate, and the three pri-

maries have become fused, as it were, into a geometrical compound
plate (fig. 5).

Fig. 5 (see p. 451).

The first or aboral pair of pores of this compound plate has its

adoral pore in contact with the adoral suture of the low broad

primary plate which forms the first or apical portion of the com-

pound plate ; and this suture is directed to the median or vertical

suture in a course which is somewhat curved, the convexity being

adoral.

The suture crosses the boss of the tubercle just abactinally to the

mamelon.
The pair of pores which belongs to the middle plate of the

combination has its adoral pore in contact with a suture that unites

its adoral edge with the aboral edge of the third plate. The
direction of this suture is towards the median suture, and it has

a path from the interradial end of the poriferous zone to the

adoral pore just noticed, and thence with a curve directed apically,
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reaching the boss adorally to the mamelon. The course is then to

the median suture, and the termination is close above the adoral and

inner angle of the compound plate. The middle plate is low at the

poriferous zone, nipped in vertically at the boss, where it includes

the mamelon, and expanded towards the median line.

The adoral plate of this combination has an arched aboral edge

and is a low and broad primary, smaller in vertical measurement at

the median line than at the poriferous part.

The pairs of pores are in peripodia, and the amount of arching is

slight. This description would suffice for a compound plate near

the ambitus of a recent Diadema.
But the fossil form has some compound tubercle-bearing plates at

or just below the ambitus, which are polyporous ; for there are

distinctly four pairs to a compound plate, and not three only (fig. 6).

Pig. 6 (see p. 452).

There are therefore four plates in the combination, and all are not

primaries, there being a small demi-plate (6) amongst them which
does not reach the median line. The aboral or first plate (a) of

the set resembles th^ corresponding plates of the combination

already described, and is a low and broad primary with the adoral

edge bent actinally. The second plate {h) is a demi, and it reaches a

little way up the tubercle, and is bounded aborally by the edge of the

first plate, and adorally by part ofthe suture of the third plate in its

path to reach the median line. Part of the third plate (a) has the

shape of the middle plates of the combinations in which there are

only three pairs of pores, but it is rather lower, and the fourth plate

(«") resembles the adoral plates of the triple compound plates. The
second plate is the relic of a primary which has undergone absorp-

tion owing to that growth-pressure which is so easily traced in some
recent forms of Diadematidae. The recent species of Diadema do

not, however, present this phenomenon, and there are no demi-

plates in them.
The simplest form of fossil Diadematid is a species which, had it

doubling of the pairs of pores close to the peristome, would fall

within the specific diagnosis of Pseudodiadema dejoressum, Agass.

The specimen in my possession was obtained by Prof. J. Morris,

M.A., from the Cornbrash of the Chippenham district. It has

nearly straight rows of pairs of pores, the outer pores being larger

than the inner. There is but sHght obliquity of the pores, and the

pairs are not close. There are three pairs to each tubercle-bearing

compound plate, and the three plates are primaries of the true Dior-

dema type (fig. 7). The commencement of the compound plates is

very close to the radial plate, and there are only one or two solitary
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uncoalesced primaries. Near the peristome the simplicity of the
compound plate persists, and there is no crowding of the pores. An

Fig. 7 (see p. 452).

interesting structure exists in the form of a tag, which, as in the

recent Diademata, passes up from the branchial cut by the side of

the ambulacra. So far as the test is concerned, or rather that

part which remains, the apical system being deficient, there is

no distinction to be made between this species and a recent

Diadema.
There are many species included in the genus Pseudodiadema

by authors which have the simple triplet arrangement of pores

just noticed, and the peristomial crowding never amounts to a dis-

placement of pairs or the production of demi-plates. I have been
able to examine many of the forms described by Dr. Wright, thanks

to the courtesy of his executors. The type of this group existed

from the Inferior Oolite, if not from the Lias, to the Cretaceous

age inclusive ; and it is a matter of great interest to have been
told that hollow, striated, and verticillate spines were found in the

Chalk and drawn by Mr. Bone. The Pseudodiademata with simple

triplets form, therefore, one distinct type or group. The Pseudodia-

demata^ having also occasionally an additional pair of pores belonging

to a demi-plate, belong to a closely allied section or subgenus or group.

The next tj'pe to be considered, the third group, is one in which
there are never less than four plates and four pairs of pores to a

compound plate, and of which Pseudodiadema mamillanum already

alluded to, is an example.

In most of the specimens of this series there is barely any trace

of the divisional sutures to be seen in those plates which have the

greatest number of pores ; but an instance of a form clearly pre-

senting all the necessary structures to view from which a drawing

can be made is in Dr. Wright's collection*. Having examined the

specimen, it is evident that a compound plate at the ambitus has no

less than five primary plates entering into its composition, and that

the next above or aboral compound plate has four (fig. 8). The pairs

of pores are in slight arcs, the peripodia are well developed and often

occupy nearly or quite the whole height of the poriferous area of

the plate on which they are placed. The adoral pore of a pair is

always in relation with the suture between its plate and that

* Pseudodiadema Michelini, Agass.
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which is placed immediately actinally. The tubercle of the com-
pound plate is large, and there is some space between it and the

median suture.

Fig. 8 (see p. 452).

Taking the compound plate above the ambitus, first of all, for

descriptive purposes, there are to be noted four plates and four pairs

of pores in peripodia. The actinal or fourth plate (no. 4) is a

low and broad primary having a convexity directed aborally, so that

the plate is low in the poriferous zone and at the median line

of the ambulacrum, and much higher midway where it reaches

across the adoral part of the base of the boss. The next plate

situated abactinally (no. 3) is the largest of all in the compound
plate, and assimilates in shape to the middle plate in the triplet

of a Diadema ; it is largest near the median suture of the ambu-
lacrum, is nipped in on the tubercle, and is somewhat higher at

the poriferous zone. The adoral pore of its pair is in relation with

the suture between its adoral edge and the aboral edge of the plate

just described. The abactinal edge of the plate now under descrip-

tion crosses the boss and the centre of the mamelon, and then passes

towards the median line, with an abactinal and inward path, so as

to give a curved appearance to the suture which joins this plate to

the one immediately above. The third plate from the adoral edge,

or no. 2 of the compound one, is a long or rather broad, low
primary, the actinal edge of which corresponds with the abactinal

curved edge of the plate just described. So this third plate has a

bent actinal edge, and this is indicated by the suture. The abactinal

edge of the plate is also curved, and with the convexity directed

actinally, and the height of the plate at the median line of the

ambulacrum is small and less than at the poriferous zone.

The most apically placed of the plates, or the first (no. 1), is a low
and broad primary, lowest at the vertical suture, and with the adoral

edge curved adorally, the abactinal edge being straight and trans-

verse. The adoral edge of this plate crosses the tubercle not very

far from the mamelon. The transverse aboral edge is in contact

with the actinal plate of the compound plate situated immediately
abactinally.

All four plates combine to form a solid compound plate, and they

are to be recognized by the direction of their sutures. The angle
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of the compoimd plate at the median line is formed bj' the large

primary (no. 3).

It Tvill be obserred that this arrangement of the component
plates is not like that of the species already noticed, in which an
occasional fourth plate has been sometimes produced : for in the

present instance there is no demi-plate to be seen, and all the plates

are primaries.

The compound plate at the ambitus (fig. 8) has a larger tubercle

than the one immediately above, and is larger altogether. It has

five plates entering into its composition, and there are therefore five

pairs of pores and five peripodia ; these are in an arc, and the

third pair from the abactinal edge of the compound plate is the

most remote from the median line of the ambulacrum.
The first, second, and third plates from the abactinal edge are

formed after the model of the abactinal plates 1 and 2 of the compound
plate above, and they are low and broad primaries with a curved

adoral edge. The fourth plate is the largest, and corresponds in

shape to the third plate from the abactinal edge of the compound plate

above ; it is on the type of the middle plate of a Diadema, and is

expanded towards the median line, and is lower on the tubercle,

the actinal half of which, and sometimes more, it carries.

The last and actinal plate of the combination (no. 5) is a primary,

low at the median suture, slightly higher at the poriferous zone, and
with an arched aboral edge which curves towards the mamelon and
just reaches the tubercle. The adoral edge of the plate is trans-

verse and straight, and it is the actinal boundary of the compound
plate.

Thus the three actinal plates of this compound plate resemble in

shape and in position the three adoral plates of the compound plate

above, and it appears that the additional plate of the ambital com-
pound is either the fourth or fifth from the actinal edge. Gfreat as

the downward growth-pressure must have been, there are no demi-

plates. I have not had access to some of the most important poly-

porous species figured in Dr. Wright's monograph, but which do

not belong to his collection, and I can therefore only assert that in

all the forms of the group which have been examined by me there

is an absence of the demi-plate.

Considering the first two groups of forms hitherto named Pseudo-

diadema, it is evident that the ambulacral structures unite them,

and at the same time separate them from the polyporous group.

It is interesting to note that these simple forms are the oldest;

they differ from the recent species of Diadema in shape and size

at maturity, and in the comparative height of their plates. More-

over the occasional demi-plate in the tubercle-bearing plate con-

stitutes a distinction ; for this is not seen in the modem forms.

The details of the peripodia of the ancient and modern forms

are not quite the same.

With regard to the spines there is much difficulty in making very-

definite distinctions, and there are many loose spines found in the

Secondary series of rockswhich are comparable with those of Diadema.
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It appears consistent with the results of these researches to decide

that the genus Pseudodiadema should be restricted to the forms with

triple plates, with an occasional extra plate in the nature of a demi-

plate ; that is, to groups one and two. Of such a genus the spe-

cies placed in the following list may be taken as common forms :

—

Pseudodiadema Moorei, Wright ; P. depressum. Ag. ; P. radiatum,

Wright ; P. Balcerioe, Woodw. ; P. priscum, Cott. ; P. incequale, Des.

;

P. WrigJitii, Cott. ; P. prisciniacense, Cott. ; P. rotulare, Ag. ; P.

Benettia;, Porbes ; P. ornatum, Goldf. ; and the species which has

been partly described in this communication. Pseudodiadema
Brongniarti, Ag., and P. Bailyi, Wright, may be taken as good
examples of the subgroup with an occasional demi-plate ; and of

course P. Jiemisplicericum is the type.

On the other hand, the species with at least four and with five

pairs of pores or more, both in forms not full-grown and adult,

should be ranged in another genus

—

Plesiodiadema. Under this

genus will be arranged the species P. mamillanum, Eomer ; P.

Michelini, Ag. ; P. Blmicheti, Des. ; P. Verneuilii, Cott. ; P. tenuis,

Des. : P. annulare^ Desor, &c.

Pig. 9 (see p. 452).

III.

- IV.

Genus Pedina, Agass.

The diagnosis of Pedina (an Oolitic genus) has been partly

noticed (page 422), and it is now necessary to determine what dis-

tinction the obliquity of the triple pairs of pores makes in the shape
of the plates.

Taking Pedina Smithii, Wright, as the type, an examination of
the specimen in the late Dr. Wright's collection indicates that
the ambulacra are different from those of Hemii^edina. The
arrangement of the triplets of pores is to a certain extent like that
in typical recent Triplechinidae, and the first or aboral pair (fig. 9, c)

of each series of three in one line is, as in the recent forms, the
adoral or actinal pair of a triple compound plate, and is situated

much nearer the median line of the ambulacrum than the pair
immediately above (fig. 9, h). The pairs are in oblique series of three,
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slanting adorally and towards the interradia. But when a series of

pairs is considered in relation to a compound plate it appears that

there is really great arching, for the second and third pairs of pores

in the linear series are the first and second paii'S of the compound
plate, whilst the third pair of the plate, or the adoral, belongs to

the linear series immediatelj^ actinaUy, or they are much nearer the

amhulacral median line.

The pair of pores which is in the abactinal part of a compound
plate is the second pair of a triplet, and of course the third pair

belongs to the middle plate of the combination. The second

pair of the triplet of pores is nearer the interradium than the

first pair, which belongs to the compound plate above ; but the third

pair, which is in the middle plate of the compound one, is nearest the

interradium.

The peripodia of the pairs are rather close. The compound
plates are low and much crowded, and there are no less than four

of them in contact with an iuterradial plate slightly above the

ambitus, where the diagrammatic sketch w^as taken. Thus as

each compound plate consists of three plates combined, there are

twelve in relation to an interradial plate.

In the specimen in Dr. Wright's collection the sutures of one of

the ambulacra can be distinguished in a vertical series of four plates

(fig. 9), the most apical of which and the most actinal bear tubercles,

the two others being simply granular. The shape of the plates con-

stituting the compound plates and the direction of the sutures differs

in some of the compound plates ; nevertheless there is no difficulty

in seeing that the variation has been due to pressure from growth
influencing plates which, under other circumstances, might have

remained typical of Diadema. The arrangement of the component

plates is not at all like that seen in Echinus, and the genus Pedina

does not enter the family of the Echini proper.

Compound plate I.—The edges of the plate which are in the

lines of the sutures between the plate and those immediately apical

and adoral are, as is usual, transverse, and reach the median hne
at the reentering angle of the median zigzag.

The aboral plate (a) of the compound is a demi-plate which does

not reach far beyond the poriferous half of the combination : and

the adoral pore is on the adoral suture, which is curved with the

convexity directed actinaUy.

The middle plate, a primary, carries the bulk of the tubercle and

gradually increases in vertical measurement from the poriferous area

to the vertical suture at the median line. It is bounded aborally

by the demi-plate («') and by part of the transverse suture, and

it is bounded actinaUy by the edge and suture of the third plate, a

primary (c).

This suture is curved, with the convexity aboral ; it just touches

the adoral part of the tubercle, and reaches the median Une at a

slight distance from the actinal and inner angle of the compound
plate. The direction of the suture is that seen so commonly in the

third plate of a triplet in Hemi_pedina and Diadema.
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Thus the plate a' is a demi, plate 6 is a large primary, and

plate c is a low and broad primary with an arched aboral edge.

Compound plate II.—This is composed of three primaries, of

which the middle is the largest and occupies most of the plate near

the median line. The plate is triily Diadematid in its shape and in

the details of the sutures. Plate a is a low broad primary with its

adoral edge curved actinaUy. Plate c is also a low and broad

primary and the aboral edge is curved with the convexity placed

towards the apex. Plate b is low at the poriferous area, nipped in

and lower further towards the centre of the plate, and expanding

considerably towards the median line.

Compound plate III.—This resembles the last ; but the direction

of the suture uniting the middle plate with the adoral plate is less

curved and approaches a straight line.

Compound plate IV.—This is Arbacioid in shape and there is an

aboral demi-plate (a'), a large middle primary plate (6), and an

adoral demi-plate (c').

The middle plate, much the largest, carries the tubercle, and the

whole of the vertical suture is in relation to it. The poriferous part

of this hatchet-shaped plate (6) is low. Plate a' has its actinal edge

much curved adorally, and the suture nearly reaches the median
line, but the plate is a demi-plate.

Plate c', also a demi-plate, has its aboral suture curved with the

convexity aboral, and it terminates short of the median line and at

about the same vertical position as the suture of plate a'.

It is evident that Pcdina is a well-defined genus, and that the

situation of the sutures which are in the ambulacra is diff'erent

from that seen in the family Echinidse, and in the main resembles

that of Diadema and Pseudodiadema.

The presence of the demi-plates fashioned after the Arbacioid

type ally the form with Hemicidaris.

Genus Stomechhsttis, Desor.

The examination of the ambulacra of the typical species of this

Oolitic genus shows that the plates are not arranged after the method
which characterizes the true Echinidse, of which the common
Echinus is the type. The compound plates of Stomechinus are made
up of primary plates combined and modelled after the Diadema type

and not after that of Echinus or Strongylocentrotus.

Desor placed this Oolitic genus with Echinus and Psammechinus,

and apart from the Diadematidae.

The following is his diagnosis (' Synopsis des Echinides,' p. 124) :

—

Urchins of moderate size, subcorneal, with pores distinctly tri-

geminate as in the true Echini. Peristome large, profoundly cut,

no longer decagonal, but in the form of a pentagon, the bifid angles

of which correspond to the interambulacra. Spines striated longi-

tudinally and small.

Stomechinus higranularis, Lamk., sp., is the type, audits synonyms
are Echinus serialis, Wright, E. intermedius, Agass., and E. arenatus,
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Lamk. Desor notices that the amount of the cutting of the peristome
differs in the species, and that in some specimens of the typical

species this characteristic peculiaritj^ is not so intense as in others.

jSfevertheless Desor, with his usual sagacity, seized upon the cha-

racter T^hich of itself distinguished this genus from its fossil allies.

There are numerous species, and the specimens, so far as I can
make out, have some other distinctive structures equally important

with that chosen by the founder of the genus. These freshly noticed

characters, well known to all writers, are of great importance now
that the structure of the ambulacra is decided. Taking a good
specimen of Stomechinus higranularis from the Great Oolite, it is

seen that the apical disk is small and compact, the basal plates

project well into the median line of the interradia, and this line is

very bare and well marked by the vertical suture. The triangular

basals have large generative pores and alone form the anal ring.

The radials are wide at the adoral edge, which is notched, and the

optic pore is in that edge.

The tubercles of both areas are smooth, imperforate, non-crenu-

lated, and not very unequal. The rows of tubercles diminish

in numbers abactinally. The ambulacra are about one half of the

width of the interradia above the ambitus, and at the peristome the

ambulacra are nearly twice as wide as the interradia. The pores are

in triplets, and above the ambitus the series of threes are very

oblique and barely in arcs, but nearer the peristome they are more
in arcs. The pairs are verj* numerous, and although there is a
crowding towards the peristome still the pairs are in place.

Xear the radial plate the poriferous plates are low and broad

primaries. A little way down, and where the first large tubercle

is seen, three primaries have combined to form a compound plate,

low and broad. The adoral plate of the compound is a low
primary with a slight aboral bend, and the aboral plate is also low
and broad, and it has an adoral curve where it comes in contact

with the middle plate ; this is low at the poriferous part and
expanded towards and at the median line. There are no demi-

plates. The cuts are well developed, and yet in a form which will

for the future be accessible in the British Museum these branchial

shts are not so very distinctive ; but there is always the great width

of the ambulacra at the peristome and the remarkable diminution of

the size of the interradia there.

It appears therefore that, bearing in mind the deep branchial cuts

of some modern Diadematidse ; and the fact that these and other

members of the family have bare median spaces, the peculiar shape

of the component plates of the compounds, and the nature of the

radial plates, Stomechinus must come amongst the Diadematidse.

Its position is clearly near Peclina, from which it is distinguished by
the imperforate and non-crenulated tubercles, together with the

deep branchial cuts.

Genus HemicidaPvIs, Agass.

The genus Hemicidaris, Agass., is very readily distinguished from^
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all others, according to its founder and Desor, by the structure of

the ambulacra of the species. Desor remarks (' Synopsis dcs

Echinides Fossiles,' p. 51, plates x. and xi.) :
" The distinctive

character is found in the ambulacra, which, in one part of their

length, particularly towards the base and sometimes as far as the

ambitus, are furnished with true tubercles, which are smaller than

those of the interradia, but which like them are distinctly crenulated

and perforated." The generic diagnosis also notes that the pori-

ferous zones are composed of two simple rows of pores which are fre-

quently doubled at the peristome.

If the narrowness of the ambulacra and the multiplicity of the

pairs of pores are added to the above very definite characters, all

that has hitherto been recorded about the morphology of the

ambulacra will be found to have been stated.

But the exceeding narrowness of the ambulacra above the ambitus,

and the relatively narrow interporiferous area, coupled with the

curving of long series of pairs of pores in relation to the great

interradial tubercles placed near to the ambulacra, are necessary

additions to the diagnosis. The species are numerous, and are

Oolitic. Many of the forms from the Coral Eag are well preserved,

and show structures which have hitherto escaped notice and which
are of considerable classificatory importance.

In Hemicidaris intermedia, Porbes, and Hemicidaris crenularis,

the plates of the ambulacra near the radial end are simple primaries.

Each pair of pores is in a separate plate which either is ornamented

with a tubercle or only carries one or more granules (fig. 10).

There is usually an alternation of small tubercle-bearing and
granular plates. The sixth plate from the radial plate, on ambu-
lacrum II. zone a (fig. 10), specimen in Brit. Mus. no. 14122, may
be taken as a type of the small primaries at this part of the

Eig. 10 (see p. 452).

ambulacrum, where the plates are numerous and narrow. The
position of the peripodium is usually slightly oblique and close to the

interradial edge, near the adoral suture. The plate is broader than

high, and much of it is covered by the tubercle. This is low and
has a mamelon which is perforated. The granule-bearing plates of

this part resemble that just described, except that a granule occupies

the position of the tubercle. Usually there is but one granule.

The tubercle -bearing plate intrudes upon the granule-bearing plate,

which is placed aborally, so that this last is often the smaller of the

two.

Besides the usual extension of the tubercle of the small primary

plates very high up in the ambulacrum, an oblique direction of their

adoral edge is often noticed ; and it is evidently the result of the

upward expansion of a plate which is situated adoraUy.

Q. J.G.S. No. 163. 2h
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From the effects of the ohliquity of the adoral edge, the part of

the plate near the interradium is greater in vertical measurement
than that towards the median line.

JSTumerous small and usually very low primary plates succeed, and
in the ambulacrum under examination, wherever a granule-bearing

plate is in contact adorally with a small tubercle-bearing one this

last intrudes upon and deforms the other (fig. 11).

Fig. 11 (see p. 452).

The plates 15, 16, 17, and 18, of the same ambulacrum and zone,

may be taken as typical of the greater part of the area halfway
between the great tubercles at the ambitus and the radial plate.

Plate 15 is a low primary with a very small mamiUated boss and
three minute granules. The interporiferous portion is on a slightly

higher level than the poriferous area, and the aboral edge of the

plate below delate 16) fits into a space which is produced by this

want of conformity of level.

Plate 16 is of the usual height in the poriferous area, but it is

forced up aboraUy by the expansion of the tubercle-bearing plate 17,
situated immediately actinally to it, so as to conform at its adoral

edge with the curve of the base of the tubercle. Hence this plate,

which is very sparely ornamented with a granule or two, is almost

linear towards the median line.

Plate 17 has a small tubercle which occupies nearly the whole of

a much expanded interporiferous area, the increase in growth being

apical. The next plate, 18, is a low primary with granules, and it

is not much deformed by the slight adoral extension of the above-

mentioned tubercle. All these plates are primaries.

Js'earer the ambitus the fusion of primaries, forming compound
plates with two pairs of pores, becomes evident. Thus at plates 35,

36, and 37 (fig. 12), this is weU seen.

Fig. 12 (see p. 452).

37

Plate 35 is a primary, or, rather, was one before its adoral edge

united, organically, with the aboral edge of the plate 36, and before
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this union produced a symmetrical plate towards the median line.

The tubercle of plate 36 intrudes on plate 35, the adoral suture of

which crosses the boss to reach the median line not far from the

apical angle of the compound plate : this suture is curved, with the

convexity directed adorally. A few granules are placed between
the tubercle and the median line, and upon the apical part of

plate 35.

On comparing plates 35 and 36 with plates 16 and 17, it would
appear that the resisting power of the plate 35 was greater than

that of plate 16; but this is the first evidence we have of the

direction of the aboral plate of a combination. It is important to

observe that the poriferous area of plate 35 is higher in measurement
than the part close to the median line.

The tuberculiferous area of plate 36 is much larger than the

corresponding poriferous area. The next plate, 37, is a small low
primary, with granules, and the first step towards its organic

connexion with plate 36 is the symmetrical arrangement of the

granules in conformity with their place and trend in the two other

plates 35 and 36, which certainly do form a double-pored combi-

nation.

The structure of the plates immediately aborally to the first large

tubercle at the ambitus, counting from the radial plate, is simple as

a rule, and differs in a remarkable manner from that of the great

tubercle-bearing compound plates. Taking the Amb. III. of the

species of Remicidaris, and the zone " a," it will be noticed that the

small compound plate placed aborally to the great tubercle, consists

of three low primary plates united to form a symmetrical com-
bination (fig. 13)*. The tubercle which is placed on this compound

Pig. 13 (see p. 452).

plate is small, and its boss is crossed, from the poriferous area to the

median line, by the sutures of the aboral and adoral plates (37 & 39)
where they are in contact with the edges of the central plate, which
usually has the mamelon upon it (38). The line of the sutures is almost

transverse in most instances ; but it may happen that the adoral

plate of the combination is so jammed by the huge tubercle of

the plate immediately on the actinal side, that it becomes a demi-

plate, because it cannot reach the median line (fig. 14).

The following is the construction of a large tubercle-bearing plate

at the ambitus (figs. 13, 14).

* Specimen 24122, British Museum.
2h2
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Fig. 14 (see p. 452).

The tubercle covers nearly the whole of the three plates which
compose the compound plate, and even the peripodia are on its

slope.

The tubercle, as is well known, is large and tall, has a sloping

boss, a wide crenulated ridge and groove, and a large perforated
mamelon. There are three pairs of pores surrounded bj' as many
peripodia in immediate relation with the plate, and they are rather
distant and in an arc. (A pair situated adorally to the others is in

connexion with the compound plate placed immediately actinally.

Again, a pair which is on a line with the aboral edge of the tubercle

belongs to the plate above.) On examining most specimens the only
trace of a suture between any of the component plates is seen very
generally as a depressed line on the side of the boss towards the
median line of the ambulacrum and passing towards the aboral and
inner angle of the compound plate or rather of the tubercle. The
direction of the hue is apical and to the median line, and it

reaches this last either slightly or considerably below the aboral
angle of the compound plate at the vertical suture. But in many
weathered specimens there is another and distinct suture visible,

and it passes actinally from the crenulated edge over the adoral face

of the boss, and it may reach the transverse suture with a gentle

curve. On the poriferous side of the tubercle the first-mentioned

suture is seen to be in relation with the highest of the three

peripodia of the plate, to commence in the line of groove passing

adorally to the obliquely placed first pair of pores, no. 40, and to

reach up the side of the boss to the crenulated ridge, and then to

cross the boss towards the median line. The direction of this suture

may be in a right line or in a slight curve with the convexity

looking actinally. The suture joins the aboral and central plates of

the triplet, 'and it leaves the mamelon adorally and pursues a more
or less oblique course. It is clearly touched by the adoral pore of

the pair.

The shape of the suture and its direction determine to a great

extent the shape of the aboral plate of the combination, and this

is a primary plate with the poriferous area higher in vertical

measurement than the opposite extremity, and with the inter-

mediate part the highest of all.

The next pair of pores, situated adorally to the last, are also

obliquely placed, and on the edge of the boss (no. 41), and the

adoral pore is in contact with a suture which passes inwards and up

I

I
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the flank of the boss adorally to the crenulated ridge, and which then

turns with a more or less wide angle to reach the suture between

the tubercle-bearing plate now under consideration and that placed

immediately adorally. But the suture does not reach the median
line of the ambulacrum, for the plate (42) which it bounds aborally

is a demi-plate *.

This demi-plate, the third or adoral, of the compound tubercle-

bearing plate (no. 42), varies in size in different tubercles and is

always highest at the region of the boss.

The central plate (no. 41), which is bounded actinally by the

suture first described which crosses the tubercle obliquely, and

also by that just noticed, is very large and is a primary. It is rather

low at the poriferous area, but the height increases o"n the surface

occupied by the mamelon, and all the inner part of the combination-

plate is occupied by it towards the median line, except a small por-

tion close to the aboral and inner angle which belongs to the highest

of the triplet. Thus the great tubercle-bearing compound plate is

composed of a large intermediate primary, a smaller aboral primary,

and a large demi-plate (sometimes a primary) which is the adoral

of the three.

It is interesting to note that in shape the aboral plate re-

sembles the corresponding plate in the genus Diadema, and that

the adoral has frequently the outlines of the corresponding plate

in Coelopleurus, Duncan and Sladen, op. cit.

All the great tubercle-bearing plates of Hemicidaris show the

details just described, and if there is any variation it depends on

the position and nature of the plate towards the peristome where

the sutures come closer together.

In the majority of ambulacra the next three plates, situated

adorally to those just described, carry a large tubercle resembling

in shape that noticed above, but smaller. The plates form a com-
pound one, and the lines of their sutures and therefore their shapes

are the same as in the compound plate just noticed. The peri-

podia, are in an arc, and are three in number, and the aboral plate

of the triplet is a broad and low primary resembling that of the

first tubercle-bearing plate ; the second is also a large primary, and

the third or adoral plate is a demi-plate.

The next compound plate is also a triplet, and so are all the others

down to the peristome. The pairs of pores and their peripodia are

closer, and the arcs are interfered with in consequence of growth and
pressure; but the three peripodia of a tuberculiferous plate can

always be distinguished, although the second peripodium of a series

may be almost excluded. There is no addition of plates or pairs of

pores, and the position of the pairs corresponds with that observed

and described by Loven in Stronrjylocentrotus, although the expla-

nation he gave will hardly meet the instance of Hemicidaris.

An important exception to the rule regarding the regular sequence

of the ambulacral tubercles, occurs in some specimens. Thus in a

* There is some variation in different specimens and the suture does reach

the median line in some (see fig. 13).
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well-preserved specimen tlie first great tubercle-bearing compotind

plate of ambulacrum III., zone " a," is followed apicaUy by granule-

bearing plates, two of whicb clearly form a compound plate ; but tbe

third or adoral one seems to have become jammed into the aboralface

of the tubercle-bearing plate below (fig. 15).

Fig. 15 (see p. 452).

It is evident that there are four plates in this compound one, and
that the existence of the small demi-plate is due to the great pres-

sure to which it was subjected whilst a primary.

Hemicidaris granulosa, Wright, a species from the Inferior Oolite,

of which there is_ a specimen in the Museum of Practical Geology,

Jermyn Street, has the ambital compound plates made up of four

primaries. The three placed actinally present the typical Diadema-
arrangement, and the aboral plate is a low and broad primary (fig. 16),

Fig. 16 (see p. 452).

XT

The same arrangement of four plates in a compound one occurs

in Hemicidaris Wrighti, Desor, from the Great Oolite.

In small and immature specimens of Hemicidaris intermedia the

plates which bear the great tubercles at the ambitus are made exactly

after the fashion of the simplest Pseudodiadema.

In a specimen of H. jpustidosa, Agass., in the Museum of

Practical Geology, the suturing of the plates at the peristome is

perfectly visible. The pairs are in triple series, and the plating is

like that of the simple Pseudodiadema.

It is certain that there is no trace of a demi-plate in these last

three species.

It is possible that the existence of a demi-plate in some of the

specimens of H. intermedia may be an individual peculiarity ; for

in the specimen already noticed with a demi-plate jammed into

the aboral part of a compound plate, there is another anomaly.

The compound plates begin nearer the radial plate than is usual,

and the plates of zone " a," ambulacrum III., numbered 31, 32, and
33, form a triplet (fig. 17).
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Fig. 17 (see p. 452).

It appears, then, that in the genus Hemicidaris the multitude of

small primaries is succeeded by doublets or triplets and the great

tubercle-bearing plates. These are either triplets after the Diadema-
type, more or less modified, or have four pairs of pores, the additional

pair being in a low primary, which has been joined to the aboral

edge of a compound plate, or in a demi-plate (fig. 15). The influence

of the growth of the large tubercles upon the spreading of the middle

plate and the curvature of the adoral and aboral plates is very

evident.

Pinally, it appears that the arrangement of the triplets when
crowded at the peristome is not very remote from that seen in some
abactinal parts of the ambulacra of species of Pedina.

Genus Diplopodia, McCoy.

Small immature specimens of such types as Pseudodiadema versi-

pora show a doubling of the pairs of pores near the apex unlike the

condition which prevails in small specimens of the true Pseudo-

diadema, which are unigeminal. This species, according to the

principles which govern the classification of the recent Echinoidea,

cannot remain in the genus Pseudodiadema, and must come within

Diplopodia.

Other forms are said to become diplopodous only at adult age, and
this has been considered a sufficient reason for not placing them out of

the genus Pseudodiadema ; but it was forgotten by the adopters of

this reasoning that zoologists must consider the adult development

of a form, and not its immature condition. A form with bigeminal

pairs of pores in the upper part of the ambulacra is a Diplopodia ;

and as yet I must confess not to have been able to recognize any
forms about to become diplopodous. We can only deal with absolute

facts, and not with presumptions.

The question arises, leaving out the bigeminal nature of the pairs,

Are the other generic characters sufficient to separate Diplopodia

from Pseudodiadema ?

It appears that the diplopodous condition near the apex is accom-

panied.by crowding and doubling of the pores near the peristome,

and, as a rule, by some departure of the pairs of pores in plates at

the ambitus from a regular line or arc.

Moreover, the structure of the part of the ambulacra near the

radial plates differs in the di]3lopodous series from that seen in the

true Pseudodiadema. There is not that blending of the small plates

into compound ones which is a character of Pseudodiadema.

When there is such a combination as in Diplopodia Roissyi, Cott.
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(Echinides du Depart, de la Sarthe, par Cotteau et Triger, 1859,
plate xxxiv. fig. 5), the propriety of calling the species a I)i_plopodia

is doubtful ; for the pairs of pores resemble in their arrangement
those of Pedina.

The genus CypTiosoma, Agass., is characterized by the doubling of

the pairs of pores near the apex ; and this character is certainly

developed with varying age according to the species. But the adults

have the character, and tee forms which are without it are placed in

the genus Coptosoma, Desor. The alliance of CypTiosoma to the

Pseudodiadema-gTou]) is evident from the common external characters,

and there are points in the structure of the ambulacra which unite

the genera and at the same time refer to the Triplechinidse.

DiPLOPODiA VEESiPOEA, Phill., sp., uou Diplopodia subangularis,

McCoy.
This species, usually attributed to Pseudodiadema, is ver}- familiar

to the students of the fossils of the Coralline Oolite, and it has been
figured by Dr. Wright (op. cit. plate vii. fig. 4).

The nature of the construction of the ambulacra has not been
given, except in a general manner.

The diplopodous condition of the pairs of pores is well worthy
of study, and it can be examined in a specimen in mj possession.

Taking one of the zones of an ambulacrum, it is seen that the

first plate next to and in contact with the radial plate is a low and
narrow primary, with the adoral pore close to the median line of

the ambulacrum, and the aboral placed obliquely to it, the first-

mentioned pore being also on the line of suture between the first and
second plates (fig. 18). The second plate is at least twice the size of

Fig. 18 (see p. 452).

s2

the other, is slightly higher and much broader, and the adoral

pore reaches the suture between this and the third plate, being

placed almost directly actinally to the aboral pore of the first

plate. The aboral pore is far out of the vertical line of the corre-

sponding pore of the first plate. Both of the plates are primaries,

and do not form a compound plate. The third plate is high at the

median line and very low at the ambulacro-interradial suture ; the
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aboral edge is transverse, and the actinal is oblique from the median
upwards and outwards. The pair of pores is decidedly oblique, and

the aboral pore is on a vertical line with the adoral pore of the

second plate.

Plate four is a primary with a large expansion in the poriferous

part and a very low and almost linear iuterporiferous area.

Its pair of pores are nearer the interradium than those of plate

three. Plate five is a primary, its shape is irregularly rectangular,

and it is larger than any of the plates noticed ; the pair of pores can

hardly be said to be one of the inner set, and there is a small

tubercle close to the median line.

Pollowing the rule which has been observed in recent forms, this

tubercle, being bound to grow in all directions, prevented the adoral

growth of the plate immediately above.

Plate six is low externally and higher somewhat towards the

median line. Its pair of pores are in a peripodium, and they belong

to the inner row. Plate seven, also a primary, is largest close to the

interradial edge, where the pair of pores are, and it is almost linear

towards the median line. It is decidedly broader than the other

plates hitherto noticed ; and indeed every plate in this region becomes
broader as the distance from the radial plate is increased.

This plate is one of the outer set.

Plate eight is very low externally, swells at the peripodium, and
is higher at the median line ; its pair of pores belong to the inner

series. Plates ten, twelve, and fourteen belong to the same series

as plate eight, and are formed after the same plan ; they are all pri-

maries, and have low and almost linear outer parts ; the pores belong

to the inner set and the jDlates are highest at the median line. On the

other hand the plates nine, eleven, thirteen, and fifteen are upon the

same type as plate seven, and belong to the outer series, with low
a7id linear portions near the median line and enlarged poriferous

zones.

In a young specimen the alternation of diff'erent-sized plates, all

of which are primaries, extends at least to the twenty-fourth plate.

Then the primaries become combined into a compound plate, some
being blocked out, however, from the median line and becoming
demi-plates. This condition is seen in adult as well as in young
specimens, and just where the bigeminal pores begin to diminish

and to be replaced by simple pairs.

The first compound plate is a tubercle-bearing one in the specimen

under examination ; there are four pairs of pores belonging to

it and they are in double series (fig. 19). (The upper two pairs do

not belong to the plate.)

Fig. 19 (see p. 452).
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The aboral pair, «, like tlie others, is oblique and in a peripodinm.

It belongs to the inner series, and is separated from the interradial

suture by a rather large space, which is ornamented. The adoral

pore of the pair is on the line of suture between the poriferous plate

and the next in adoral succession, and the suture is curved with the

convexity adoral, so as to reach the flank of the boss and thence

to pass inwards and aborally, to the median line, and close to the

aboral angle of the geometrical compound plate. This plate, with
the aboral pair of pores, is of the Diade-ma-sha-pe : but the pores are

remoter from the interradium than is the case in the genus Pseudo-

diadema.

The next pair of pores, 6, placed actinally, is close to the inter-

radium, belongs to the outer set, and is in a peripodium. The plate

is nipped in just adorally to the position of the first pair, and it then

expands so as to include the mamelon and much of the boss and form
the greater part of the compound plate near the median line.

The adoral pore of the pair is in contact with the suture at the

edge of the plate below, which is curved with the convexity aboral,

and the suture reaches the median line slightly aborally to the

actinal angle of the compound plate. This suture is the limit of

the third plate, c, of the combination, and this has its pair of pores

forming part of the inner series. The adoral pore of the plate (c) is

on the transverse suture placed actinally to the compound plate.

Finally the actinally placed plate, d, is a demi-plate which may seem
to have nothing to do with the combination ; but it forms a small

portion of it, and the pair of pores belongs to the outer series.

The plat« does not reach further towards the median line than the

position of the adoral pore of the pair of the third primary' plate.

There is no doubt that such a combination is not found in the

genera Diadema and Pseudodiadema.

Nearer the ambitus, or at that spot, the usual number of pairs of

pores to a compound plate is four, the line of the pairs is simple, and
the distribution of the composing plates is as in the species of

Remicidaris, that is, there are four primaries, of which the third

is the largest (fig. 20).

Fig. 20 (see p. 452).

In some plates, however, there is a; demi-plate ; and then

the structure rather recalls the compound ]3latesJof the Plesio-

diademata.

The doubling of the pairs of pores towards the peristome is

almost a copy of that seen near the radial plate ; there is no addition
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of new plates, and the triplets are all reducible to their normal

position from which growth-pressure has forced them, on the

principle elaborated in the instance of Strongylocentrotiis &c.

In very young examples of Diplopodia versipora the doubling of

the apical pores is seen, and the large compound plates are of the

Diadema-type.
In Diplopodia Mcdhosii, Desor, of Cretaceous age, the replace-

ment of the ordinary demi-plate of the ambital plates by a low
and curved jDrimary is not uncommon, and both conditions may be

seen in the same ambulacrum (fig. 21).

Fig. 21 (seep. 452).

Genus Ctphosoma, Agass.

The genus Cyphosoma is diplopodous ; but the structure of the

ambulacra is different from that in Fseudodiadema and Diplopodia.

Many of the species are polypores, and four, five, or six plates may
enter into the construction of a compound and tubercle-bearing

plate. Cyphosoma Konigi. is a very good example, and well-

weathered specimens are common. They frequently show the line

of partition between the component plates of the compound ones, or

rather the lines may be distinctly seen passing from the adoral pores

of the obhque peripodia up the boss, and more or less obliquely

towards the mamelon. In the majority of specimens two sutui'al

lines are seen on the flank of the boss which is opposite the

peripodia and near the median line of the ambulacrum (fig. 22).

These are perfectly visible in most cases. See figs. 22-25.

Pig. 22 (see p. 452).

One of these, that actinally situate, is seen to come from the
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adoral and inner shoulder of the crenulation on the boss, and to pass

obliquely actinally and towards the median line of the ambulacrum.
The line forms an arch, the chord of which is the transverse

suture at the actinal edge of the compound plate. The other line

starts from the abactinal and inner shoulder of the crenulation,

and passes obliquely abactinally and towards the median line.

Both of these well-marked lines are sutural, are between certain

plates, and they both reach the median or vertical suture of the

compound plates. The adorally situated line is the aboral limit

of a primary plate, just as the aboral line is the limit of the

aboral primary plate of the combination. A line can be traced from
the first (the most abactinal) peripodium of the compound plate to

the part of the crenulation at the aboral and outer shoulder of the

boss ; and there is little doubt of the continuity along the abactinal

edge of the mamelon of the whole actinal line. The last peripodium

but one of the compound plate, counting from the abactinal peri-

podium, has a line passing from the adoral pore obliquely inwards

and towards the nearest shoulder of the boss, and this corresponds

with the aboral edge of the actinal primary plate of the combina-

tion. Hence there is an adoral primary with a bent or curved edge,

and there is also a similar actinal primary. There is also a middle

primary, the direction of the arching of the plates being opposite.

In the compound plates with six peripodia there is an aboral

primary, an adoral primary, and there are also lines of suture

passing to the base of the mamelon from the 2nd, 3rd, & 4th perip^odia

(besides those from 1 & 5). But, as in the instances of the com-
pound plate with five peripodia, there are no signs of sutural lines

passing down the inner flank of the boss corresponding to the 2nd,

3rd, & 4th lines on the outer or interradial side.

There are, then, three demi-plates to the compound plates with

six peripodia, and therefore there is a third primary plate, as there

must also be in the combination,with five peripodia.

The position of the third primary is readily made out on the part

of the tubercle-bearing plate near the median line, for it must relate

to the expansion that exists between the inner ends of the aboral and

adoral plates. But its position near the peripodia is a matter of

doubt, in consequence of the homogeneous condition of the mamelon.

The direction of the part of the plates close to the peripodia is,

however, a somewhat correct guide where to look for the primary

between the others. Certainly the first pair of pores is in relation

to the aboral primary, and it is clear that the second pair is in a demi-

plate. In most plates the narrow part between the demi-plate just

noticed and the next line in adoral succession, passes either directly

transversely or slightly actinally and towards the boss, and it is this

direction which opens out two possibilities regarding the position of

the middle primary.

In the compound plates with five component plates, the peripodia

(fig. 23, nos. 1, 2, 3, 4) have sutural lines represented by grooves

passing from their adoral pores to the mamelon, but not so the fifth.

Of these lines, nos. 2 & 3 pass up the boss to the crenulated groove
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and are then lost at the very base of the large imperforate mamelon.
The lines converge, and as the other lines of union of the plates

nos. 1 & 4 already mentioned also converge, a very marked feature

results : but there are no lines in continuation of those numbered
2 & 3 to be seen on the part of the tubercle near the median line

and between the two very distinct lines already noticed. Conse-

quently there must be at least two demi-plates, also the aboral and
adoral primary plates, besides a middle primary.

There is sometimes an appearance in compound plates consisting

of five plates, as if the third plate from the abactinal edge were the

middle primary (fig. 23). The fourth plate appears to be a demi-
plate which joins on to the fifth or the adoral primary.

This arrangement would be very exceptional amongst forms of

Echinoidea with many demi-j)]ates ; nevertheless the position of the

middle primary would be that seen in the Diadematidse of the

recent fauna, with the addition of a demi-plate placed aborally and
adorally to the middle plate.

It is also to be remembered that Alex. Agassiz gives a diagram of

Pliymosoma (Ci/phosoma) cremdare, Agass., in the ' Revision of the

Echini,' plate vi. fig. 2, in which the middle primary has a demi-plate

on either side of it, and the arrangement is the same as that now
under consideration. But the species mentioned by Agassiz is not a

Ci/jjJiosoma, for the abactinal pores are not diplopodous ; the form
must come within a new genus.

This diplopodous condition of the pores must be considered in

investigating the formation of the ambulacral compound plates.

In a specimen of Cyj^liosoma Kojiigi, Mant., there is a compound
plate higher than the ambitus, in which the diplopodous condition

lingers on, and there are three double sets of pores (fig. 24).

Fig. 24 (see p. 452).

The rule is followed in the compound plate, with regard to the
succession of the pairs, which prevails more abactinally and where
the double sets are not united in compound plates. The outer pairs
of pores are in plates which are crushed and crowded out from the
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median line of the ambulacrum by the growth of the inner set,

Plate 1 of the compound is in relation to an inner pair of pores and
it is the aboral primary. Plate 2 is one of the outer set and it is a

demi-plate which only reaches a very slight distance from the pair

of pores. Plate 3 is in relation to an inner set of pores, and it is

larger than the last, but still it does not reach the median line ; it

is a large demi-plate. Plate 4 is a small demi-plate and it belongs to

the outer series of poriferous plates. Plate 5 is one of the inner series

and is a large primary, the middle one of the three primaries.

Plate 6 is one of the outer set and is a large demi-plate or possibly

a primary. It is of the usual shape of the adoral primary in com-
pound plates situated lower down..

In a compound plate with six plates, in Dr. Wright's collection,

of which I took a diagram (fig. 25), there is little doubt that the diplo-

Fig. 25 (see p. 452).

podous condition must be considered as really affecting the relative

dimensions of the plates. In the specimen (C. Kbnigi) the existence

of an adoral and aboral primary is evident, and there is a large

middle primary ; but it is in relation to the fifth pair of pores. The
second, third, and fourth plates are demi-plates, and are arranged

after the fashion of Strongylocentrotus, as described by Loven. This

is the same arrangement as is seen in the diplopodous compound
plate.

Under the circumstances the Cyphosomoid type of ambulacrum
differs from the Biadema-tj^e in its simplest expression, and also

from the diplopodous type exemplified in Diplopodia versipora.

The Cyphosomoid type may be said to unite the Diadematoid and

the Echinoid types.

IV. Conclusions PvElating to the types of Ambulacea.

It may be now assumed from the results of former observations,

and from the consideration of the structures noticed in this essay,

that there are certain well-defined types of ambulacra in the regular

Echinoidea,

1. The Cidaroid type. All the plates of the ambulacra are

primaries, and they do not combine to form compound plates.

2. The Diadematoid type. The newest plates are primaries, and

at greater or less distance from the ambitus three primaries unite to

form a compound plate, the middle plate of the three being the largest.

(Journ. Linn. Soc. Zool. vol. xix. p. 95, 1885.)

3. The Arbacioid type. The newest plates are primaries, and at

varying distances from the ambitus three primaries unite to form a
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compound plate, the middle plate beiug the largest, and the two
others are smaller and become demi-plates in consequence of the

growth-pressure exercised b}^ the great tubercle of the compound
plate. (JoLirn. Linn. Soc. Zool. vol. xix. p. 25, 1885.)

4. The Echinoid type. This has primaries near the radial plate

and then compound plates are seen of three or more plates combined.

The middle plates are demi-plates and the primaries are aboral

and adoral, or all the aboral xDlates may be demi-plates. (Loven,

Etudes, and ITonogr. of the Possil Echinoidea of Sind, Ease. Gaj

Series, Pal. Indica, Ser. xiv. 1885, Duncan & Sladen, Hipponoe.)

5. The Cyphosomoid type. This unites the Echinoid, the Diade-

matoid, and the next or diplopodous type.

6. The Diplopodous type. The primaries near the radial plates

are, in young forms as well as in the adults, arranged in a double

row ; and this condition reaches to a greater or less distance towards

the ambitus or even to the peristome. There is great diminution orf

the height or absorption of the non-poriferous parts of some plates.

It is evident that while the Cidaroid type never varies, the

Diadematoid and Arbacioid types tend to the Echinoid type in some
instances on account of the formation of one or more demi-plates in

a compound plate.

It is also interesting to notice that the Arbacioids, which came
later in time than the Diadematidse, have the usual simple Cidaroid

arrangement in the young plates near the radial plate, and at some
distance down a plate or two on the Diadematoid type. Then come
the true Arbacioid compound plates.

The demi-plate came in with the Pseudodiademata, and became of

importance in the construction of the compound plates of Ocelo-

jpleurus and the later genera of Arbacioids.

Finally the differences in the construction of the ambulacra
necessitate the separation of the genera Plesiodiadema and Diph-
podia from Pseudodiadema.

The only notice that I have been able to discover of the re-

markable disposition of the plates of the Diadematidse is in the

description of Heterodiadema ouremense by De Loriol (Eecueil Zool.

Suisse, t. i. no. 4, Sept. 1884, p. 626). There is a drawing given

and a description of the triple plate, and they conform to the type

of the true Diademata. I did not see this communication of M. de

Loriol until the essay I have read before the Geological Society was
completed. Cotteau gives indications of some sutures ia many of

his plates on the Echinoidea, but he does not describe the sutures or

pay attention to them.

DESCRIPTION OF THE FiaUEES IN THE TEXT.

Fig. 1. Two compound plates of Strongylocentrotus, after Loven (p. 421).

2. A compound plate of Hemi^edina Jardini, Wright (p. 423).

3. A compound plate of Hemipedina marchamensis, Wright (p. 424).

4. A compound plate of Hemi'pedina tuhercidosa, Wright (p. 425).

5. Part of the ambulacrum near the ambitus of PseudodiadeTna

s^phcericum, Lamk. (p. 428).
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Fig. 6. A compound plate with a demi-plate of the same form (p. 429).

7. Two compoimd plates of Fsev.dodiaderno. depressiim, var. (p. 430).

8. Two compound plates at the ambitus of Plcsiodiadema Mickelini, Agass.,

showing the numerous primary plates (p. 431).

9. A diagram of foiir compound plates of Pedi-na Smithi. a. Primary
plates, h k c also primaries, a' & c' are demi-plates (p. 433).

10. A single primary of Hernicidaris infermedia (p. 437).

11. More or less deformed primaries (p. 438).

12. The first compound plate from the union of two primaries, a third and
untmited primary being beneath (p. 438).

13. Two compoimd plates of Hernicidaris crenularis. The lower plate

carries a great tubercle. Amb. iii. (Brit. Mus. No. 24122) (p. 439).

14. Two compound plates of Hemirddaris crenularis (p. 440).

15. Two compound plates of Hernicidaris intermedia : the adoral plate of
the upper series has been formed into a demi-plate by growth-
pressure, and now forms a part of the lower plate (p. 442).

16. A plate of Hernicidaris granulosa, showing affinities with Plesiodiadema

(p. 442).

17. The first triplet of a specimen of Heraicidaris (p. 443).

18. The ambulacrum near the radial end of Diplopodia versijpora (p. 444).

19. A compound plate of Liplopodia versipora, showing the persistence of
the diplopodous arrangement (p. 4i5).

20. A compound plate of the same species with a low primary plate (p. 446).

21. Two plates of Diplopodia Malbosii, Desor. In the actinal there is the

arrangement of Plcsiodiadema, and in the other that of the Liassic

Diadematidee (p. 447).

22. A compound plate of Cyphosoma Konigi, Mant., with six plates showing
the numerous sutural lines on the poriferous side and the two lines

towards the rertical suture (p. 447).

23. A compound plate of the same species with fire plates and the sutural

lines (p. 449).

24. A compound plate from the same specimen showing the relics of the
diplopodous arrangement, and indicating the alternation of large

and small plates and the direction of the sutures (p. 449).

25. A diagram of the plates and sutures in a specimen of Cyphosoma
Konigi, in the collection of the late Dr. Wright, F.E.S. (p. 450).

All these figures are magnified and more or less diagrammatic copies from
nature,

DisCTJssio:??.

Mr. "W. Percy Sladex spoke of the importance of this communi-

cation, both, on account of its explaining points which were little

knownand for its bearing on classification, A. AgassizandLovenhave

cleared up some of the difScnlties in the classification of the regular

Echinoids, but probably this contribution to the question would

proTe of still more importance. He had himself had the opportunity

of following and confirming Dr. Duncan's observations, and expressed

the strongest conviction that the structures indicated would shortly

be shown to be of higher importance from a morphological point of

view than had hitherto been supposed.

Prof. Seelet said that it seemed to him that this was a most

important contribution to zoological palEeontology, and its importance

would be more clearly seen as its bearings on classification and

evolution were traced out. It showed the eff'ects through genera-

tions of crushing upon the characters of the ambulacral plates. The

question then arises : As the plates are crushed together, forced
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downwards and x^artly absorbed by pressure, why do they group into

certain definite associations of plates and half-plates ? Prof. Seeley

had for many years had the opportunity of studying what had been

written upon this subject, and he thought that much light had been

thrown upon it by this paper. He believed the growth of the inter-

ambulacral plates had much influence on the form of the compound
plates of the ambuiacral areas.

Dr. MuEiE considered that the paper was of great value from its

recognition of physiological facts, and its indication of their bearing

upon the theory of the evolution of organized forms.

Mr. Etheridge called attention to the work of Dr. Wright on the

characters furnished by the ambulacra in the study of the regular

Echinoidea, and showed that Dr. Duncan's contribution had brought

into view the value of those investigations. The ambulacra were of

vast importance in classification, and they were most difiicult to

examine. Loven's work, too, was of very great importance.

The Atjthoe, in reply, said that he had been much indebted to

Loven's investigations. Doubtless the action of growth-pressure which

he had referred to as " crushing," resulted in part in producing geo-

metrical figures, the interambulacra acting as " buffers" to the ambu-
iacral plates. The gradual formation of more complicated types

was very interesting. The increase in the number of pores above

the ambitus in the recent Diadematidse certainly meant increase in

power of respiration.

Q. J. G. S. No. 163. 2 I
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32. Evidence of the Action of Land-Ice at Gkeat Crosby, Lanca-
shire. By T. Mellard Eeade, Esq., C.E., E.Gr.S. (Read
May 13, 1885.)

(Abridged.)

In previous papers* I have described a deposit of rubble-debris

and red sand lying on the Triassic rocks and underlying the Low-
level Boulder-clay and sands in the neighbourhood of Liverpool,

which I suggested was due to the grinding and crushing action of

land-ice. I also pointed out that where this deposit did not occur,

the rocks, as is well known, are usually polished, grooved, and striated.

Until lately no opportunity has occurred of testing the validity of

this view by reference to any other than sandstone rock that such

land-ice may have moved over f-

In October 1884 I described, in the ' Geological Magazine,' a

section of Keuper marls at Great Crosby previously unknown, and
since then I have made frequent observations of the upper part of the

marls in relation to the Low-level Boulder-clay that overlies them.

Prom time to time as the excavations have proceeded, it became
clearly apparent that the upper part of the marls had been from
some cause or other much disturbed. There were imbedded in it

large angular and sometimes nearly square blocks of sandstone.

These were not merely pressed into the surface, but actually

imbedded in the marl at all angles. In the undisturbed marls are

well-defined bands of a harder nature, and one of these bands was
at one place broken up and contorted, the fragments displaced, and
irregularly forced into and amongst the worked-up softer marls or

shales (see fig. p. 455). This was very striking, as the band con-

tinued in an undisturbed condition towards the south-west J.

As fresh faces were disclosed by the progress of the excavations,

it could be distinctly seen that in some cases the upper soft fissile

marls had been forced up into contortions. The thickness of the dis-

turbed bed was from 3 to 4 feet.

The imbedded sandstone blocks were of two kinds : one a very fine-

grained grey rock slightly micaceous ; the other composed of coarsely

rounded grains, mostly quartzose. They are evidently sandstones

belonging to the Keuper series, though not found in this pit in situ.

Neither are they exactly like any of the Lower Keuper sandstone

beds found in the quarry at Little Crosby, about one mile and a half

to the north-west. I am of opinion that they belong to beds under-

lying those at the bottom of the pit, which at the north-east side

approach in structure the coarser of the two sandstones.

* " Drift deposits of the N.W. of England," Quart. Journ. Geol. Soc. vol.

XXX. p. 27 ; and vol. xxxix. p, 122.

t Mr. Stralian, in his Survey memoir of the ' Geology of the Country around
Chester,' 1882, says " There is evidence of the passage of a heavy body over the

ground in the crushing and drawing out of soft beds as if by pressure " (p. 29).

X The contortion of the beds below the eroded line in the section I consider

to be due to earth movements.
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It was not until several examinations were made that I was able

to discover any striations on the imbedded sandstone. At last I

detected them on a block measuring 4 ft. x 2 ft. 10 in. x 1 ft. 9 in.

in extreme dimensions. On washing the marl}- clay off the face,

very good parallel groovings were disclosed, running along the plane

of bedding and the longer axis. With this clue I soon saw that

the undersides of most of the stones were polished smooth, and others

irreffularlv scratched.

Section at Moiuhrey Brich and Tile WorJcs, Great Croshy.

a, a. Grey shaly Keuper marl. h. Hard band in Keuper marl broken off at h\

b", b". Fragments of hard band, b, scattered through and imbedded in

the " kneaded-up " marl, c, c. " Kneaded-up " marl, that is the Keuper
marl or shale, worked-up into a grey clay, d, d. Blocks of sandstone,

some fine-grained and strong, others coarser in grain and often smoothed
and striated, in one instance strongly fluted, e. Half-imbedded block

/. Low-level Boulder-clay (marine), containing far-travelled erratics and
broken marine shells (brown in colour).

Specimens of the undisturbed marl and the kneaded-up marl

were sent to Mr. David Eobertson, F.G.S., who kindly examined

them microscopically. Xo organisms were found in either, and they

were practically of the same constitution. jSTo far-travelled erratics,

nor any stones or material that could not be referred to the Keuper
formation could be found in the kneaded-up marl. Even the half-

imbedded stones were, in all cases that I have seen, Keuper sand-

stones. The true erratics are confined to the overlying Low-level

Boulder-clay. This clay is so distinctive a deposit that it is only

necessary to say that here as elsewhere it contains fragments of

marine shells, and is undoubtedly of aqueous and marine origin.

Imjjortance of the Discovery.—The evidence of these disturbed

shales is of importance taken in connexion with the prevalence in

South-west Lancashire and Cheshire of glacial markings and

smoothed rocks.

At the present moment (March 1885) is to be seen a very fine

example of polished and striated rock at Flaybrick Hill, Birkenhead,

Cheshire, a veritable roche moutonnee which has only just been bared

of its covering of Low-level Boulder-clay.

It has, however, been a moot point with local geologists whether

these markings are due to land- or floating ice. I have myself

always considered that the weight of evidence preponderated in

favour of land-ice, though there are some facts apparently rrrecon-

2i2
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cilable with that view. The phenomena described in this paper
seem to me stronger evidence in favour of the land-ice hypothesis

than any I had previously seen. It seems to me next to impossible

that the disturbance of these shales could have been effected by
floating ice in any form, and the entire absence of extraneous material

in the " kneaded-up marls " lends further force to this view.

It is not easy to get the exact direction of the dip of the shales

;

but it is from north to south or between that and north-east to

south-west. It follows from this that the lower beds must crop up
towards the north, though the country is so buried in a mantle of

Low-level Boulder- clay that the outcrop is not seen. If the dis-

turbance of the shales were due to land-ice coming from the north

or north-west (the nearest stride so far recorded are at Little Crosby

quarry, 22° W. of X., and opposite the Police Station at Great Crosby,
40"^ W. of J^.), the outcrop of the lower beds consisting of sandstones

would be torn up and pushed over and into the kneaded-up shales

at all angles, and this so far corresponds with the facts described.

Some of these rocks may have been glaciated in situ, and then

broken off and pushed along and into the shales.

The tendency of the foregoing facts and phenomena is towards

proving that the period of greatest cold preceded the deposition of

the Low-level Boulder-clay. This I have already pointed out, first

in 1874 and in various papers since.

DlSCTJSSIO^sT.

The Peesidext, while admitting that Mr. Eeade's evidence seemed

to point to land-ice, said that it was diflScult to imagine a glacier

on so slight a slope as that between the Lake-country hills and

Liverpool.

Mr. Whitakee insisted that the lower bed, having no erratics

from a distant source in it, must have been of different origin from

that with so many far-traveUed blocks.

Dr. Hixde said that the absence of far-travelled erratics in the

till of the area described by Mr. Eeade was a local and not a general

characteristic of this kind of rock, since in the lake-region of

Canada and the United States the tiU, which is believed to have

been similarly formed by land-ice, contains an abundance of erratics

from distant localities, though it is mainly composed of the de'bris of

local rocks.

The Atjthoe admitted the difficulty suggested by the President as

to the motion of ice from so distant a source as the Lake-district

over so slight a slope. He believed, however, that the mechanics of

land-ice remained to be explained ; but the facts he had recorded in

the paper seemed to him quite iiTCCon cilable with the theory that

the deposit was formed by floating ice either as icebergs or shore-

ice. In reply to Dr. Hinde, he stated that he did not think that the

view that the Canadian Boulder-clay was due to land-ice was by any

means proved to be the true one.
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33. On an almost perfect Se:eleton of Ehttina gigas * (Ehttina

SiELLERi t, " Sieller's Sea-cow "), ohtainecl hy Mr. Egbert

Damon, F.G.^.,from the Pleistocene Peat-deposits on Behring's

Island. By Henry Woodward, LL.D., P.E.S., P.G.S., &c.

(Eead March 25, 1885.)

The extinction of any group of animals by the influence of man or

other agencies cannot fail to be a subject of interest to the

palaeontologist. Unfortunately the list of exterminated species has

now become extremely large, and it seems impossible to doubt that

in a few more j'ears all the larger Mammalia not reduced to

domestication, or under protective legislation, will have succumbed

to man the destroyer.

The musk-sheep, bison, giraffe, African elephant, wild deer,

antelopes, and the large-horned wild sheep of the Alpine ranges,

are all eagerly stalked down by the modern sportsman ; whilst the

hunter, in search of ivory, horn, bone, furs, or hides, wages a

ruthless war of extermination against them all. The " fur-seal

"

and the " whale-fisheries '' are still pursued ; and though the pursuit

of the latter is now much diminished, the steady destruction of all

the Pinnipedia in both the northern and the southern hemisphere

continues with unabated ardour.

I wish, very briefly, to draw your attention this evening io a

remarkable animal, now extinct, the Bliytina gigas (^:;=R}iytina

Stelleri), commonly known as " Steller's Sea-cow."

This interesting species of marine phytophagous mammal, once

no doubt abundant along the shores of Kamtschatka, the Xurile

Islands, and Aliaska peninsula, but now entirely extinct, was first

discovered by the eminent German naturalist Steller J, who, in

company with Vitus Behriug, a captain in the Eussian I^avy and a

celebrated navigator of the northern seas, was with his vessel and

crew cast away upon Behring's Island (where Behring died), in 1741.

We have fortunately preserved to us Steller's original description

of the animal, as seen alive by him, during his long enforced

residence on the island ; and no other competent observer has since

had the same 02)portunity ; for between 1742 and 1782, a period of

forty years, this large and harmless mammal appears to have been

entirely extirpated, for the sake of its flesh and hide, around both

Behring's Island and Copper Island, to the shores ofwhich in Steller's

time it was limited.

The bones of the Eliytina are not to be seen anywhere lying upon
the surface of the ground in either of the two islands, nor do they

occur along the shore at the level of the sea, but they are met with

at a distance from the shore in old raised beaches and the Post-

tertiary peat-mosses, deeply buried and thickly overgrown with

jj, Zimmermann, 1780. t Desmarest, 1S19.

\
" De Bestiis marinis, aiictore Georg. WilLelm. Stellero" &c. Mem. Acad.

Sci. St. Petersbourg (read 1745 published 1751), torn, ii .pp. 294-330.
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luxuriant grass. It would be next to impossible to find tbem by
diggiug, but they are found by boring into the peat with an iron

rod or some such tool. The same method is adopted in the peat-

deposits in Ireland, when one desires to find a timber-tree for gate-

posts or other purposes ; the resistance offered to and the sound

emitted by the boring-rod, when in contact with a solid, is at once

noticed by the operator. The specimen now in the British Museum
was obtained from compact peat, and all the vertebrae and other

bones having cavities in them were full of peat-growth when they

arrived, as was also the skull. I am informed that in Aliaska

territory bones of the BJiytina have been obtained in a similar

manner from deposits of peat.

A detailed description of the RJiyt'ma is rendered almost superero-

gatory by the magnificent work of the late Dr. J. F. Brandt, of St,

Petersburg, who in his monograph, ' Symbolse Sirenologicse,' 1846-68,
has left us a masterly and detailed account of the anatomy of this

interesting genus, accompaniedby admirably executed plates. Never-

theless the recent acquisition by Mr. Robert Damon, F.G.S., of a

specimen nearly as complete as that in the St. Petersburg Museum,
and more so than JSTordenskiold's, seems deserving of a brief notice*.

One of ih.Q contemporary writers on Rhytina with Brandt, after

Steller, was Alexander v. Nordmann, Professor of Zoology in the

Imperial University of Helsingfors, in Finland (see Beitrage zur

Kenntniss des Knochen-Baues der Rhytina Stelleri, von Dr. Alexander

V. JN'ordmann, 4to, Helsingfors, 1861, Acta Soc. Scient. Pennicse,

torn. vii. with 5 plates).

Ehytina : Gene7'al Characters.—The Rhytina belongs to the order

Sirenia, all the species of which are purely aquatic in their habits

and of fish-like form of body, which led to their being formerly

confounded with the Cetacea, from which, however, they are widely

separated.

The head in the Sirenia is rounded, and of moderate size, never

disproportionately large, as in the Whales ; the neck is short and

scarcely offers any marked constriction between the head and body.

The muzzle is truncated and obtuse, and the nostrils, which are

placed above the fore part of the snout, are valvular and distinct.

The external ear is absent, or very small ; the eyes very small with

an imperfect eyelid, but a well-developed nictitating membrane.
The form of the body is depressed, fusiform, tapering behind, and

without any dorsal fin ; the tail is flattened and expanded horizontally,

as in the Cetacea.

The fore limbs appear to be remarkably free, and capable of

being moved from, the shoulder-joint. Thus the living Manatee

has been observed to use its fore limbs, " manus," to assist in bringing

the food towards the mouth in feeding ; and, as the mammary glands

are axillary, the females all hold the young, in early life, under their

arms t.

* The specimen has now been acquired for the British Museum (Natural

History), Cromwell E,oad, London.
t That the appearance of these grotesque animals, no doubt frequently seen
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The pelvis in the Sirenia is ex-

ceedingly rudimentary, consisting of

a pair of small bones suspended at

some distance below the vertebral

column. (These have not been ob-

served in Kfiytina.) There is no

trace of any hind limb ; but a rudi-

mentary femur has been noticed in

another extinct form of Sirenian

{HalWierimri)

.

Ehytina: The ITead.—The head

in Rhytina is small in proportion to

the long and very thick body. The
bones of the skull are massive, but

very loosely connected together.

Sir Eichard Owen observes that

this character of the skull, taken in

connexion with the density of the

bony skeleton, and the absence of

cavities * in the bones themselves,

reminds one of the skeleton of the

Eeptilia (Owen, " On the Dugong,"

Proc. Zool. Soc. 1838, pp. 28-45).

The nasal bones are quite rudi-

mentary ; the maxillary border is

narrow and straight ; the premaxil-

lary bones, forming the rostral por-

tion of the skull, are long and con-

siderably developed in front, forming

the strongly curved border of the

nasal opening, and projecting with

a downward curve (as in Hcdicore,

but less acute), its upper and outer

contour being very convex, and the

lower and inner palatal surface

being concave.

The zygomatic arch is strongly

developed and much curved. The
occipital portion of the skull is the

by tlie earlier Toyagers, both in the East
and West Indies and on the coasts of

Africa, should hare originated the legends

of Mermaids and Sirens, seems at first

sight incredible ; but art was then in

its infancy in this country, and doubtless

the engraver, who pourtrayed at seco7id

hand the features of the " sea-siren," had
but little assistance in his delineation

from the narrator.
* Ornithopsis Seeleyi, Hulke, was not

then discovered.
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broadest ; the supraoccipital portion is very rugose, the condyles are

semicircular and prominent, and the foramen magnum is very wide.

The Lower Jaw.—The lower jaw is deep in proportion to its

length. The coronoid process rises very little above the condyle

itself. The symphysis of the mandible extends for about one third

(or rather more) of its length, having a convex contour on its

upper surface to correspond with the concave contour of the pre-

maxilla. The symphysial surface is very rugose.

T^eeth absent or only Rudimentary Incisors.—Two kinds of teeth

(molars and incisors) are usually present in most of the Sirenia *.

Dr. James Murie, in his elaborate and exhaustive memoir on the

Manatee (Trans. Zool. Soc. vol. viii. 1872, pp. 127-202, pi. xvii.-

xxvi.), observes: —"Although ETiytina was edentulous in the adult

condition, I strongly suspect that, like other Sirenian genera, rudi-

mentary teeth may have existed in its earlier stages of growth. Xord-
mann seems also favourably inclined to this opinion."

Trace of Rudimentary Incisors.—It is interesting to observe, in

confirmation of Dr. Murie's observation, that the skulls of Rhytina
in the British Museum demonstrate the former presence of small

rudimentary incisor teeth in the premaxillaries, two small alveoli

being clearly shown ; and the sides of these bones are swollen

slightly, just where the pulp-cavities of these smaU incisors would
have been present.

Horny Palate. — As compensation for the absence of teeth in

Rhytina., the palate and sides of the gums of both the upper and
the lower jaw were covered by tough corrugated horny plates, of

peculiar structure, which assisted in the process of mastication.

With regard to the structure of the palatal and mandibular
laminae, although their function was undoubtedly that of the tritu-

ration of food, Prof. Brandt has shown t that they are destitute

of true bony or dental substance, and that they are in fact indurated

epithelium.

Dr. Murie has also expressed his conviction that the strongly

ridged palatal plate in Rhytina is homologous with that found in

Manatus and Ealicore. " It certainly," he adds, " does not appear to

me to be the representative of teeth, nor of the haleen plates met with

in the true Cetacea." " The maxillary alveolar ridges are narrow
and quite behind the Iruising-plate, the latter occupying the

intermaxillary and not the maxillary bones" (Murie, Trans. Zool.

Soc. vol. viii. 1872, p. 167).

Cast of Brain-cavity secured.—Advantage was taken of the loose

and readily separable state of the sutures of the skull, to make
a careful gelatine mould of the brain-cavity. The result is shown
in the cast exhibited, which differs somewhat from the figure

(similarly obtained) of the brain-cavity of Rhytina taken by Brandt.

Brandt cited on Brain of Ehytina.—That author observes that,

according to Steller, Rhytina has a small cerebrum, which is not

* In Frorastomus canines are also developed ; but Ehytina possessed neither.

t Brandt, Mem. Imp. Acad. Sci. St. Petersbourg, 1846, vi. serie, pt. ii. Sci.

Nat. vol. V. livr. iv. pp. 1-160, tab. i.-v.
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separated from the cerebellum by a bon}- septum : he was unable to

find any other peculiarity. He proceeds :
—" As no brain was pre-

served, the only means of knowing its form was by taking casts of

the cranial cavity with plaster of Paris. In general character the

brain of Rliytina is intermediate in form between those of Halicore

and Manatus. In some points perhaps it is nearer to the former,

but in others it approaches Manatus. The cerebral hemispheres

higher and more elongated than in the Manatees ; the posterior

lobes of the hemispheres longer and higher than the anterior ones,

convex above and impressed laterally, and the medulla oblongata

projecting above, in the form of a median longitudinal crest ; all

show a resemblance to the brain of Halicore. The hemispheres of

Rliytina are, on the contrary, shorter than in Halicore ; the anterior

lobes of the hemispheres of Rliytina are impressed on their anterior

faces and not convex as in Halicore ; again the medulla oblongata of

Rliytina is very broad, and the corpora clavata are more depressed

from the sides than in Halicore^ and remind one rather of Manatus.

But besides the above-mentioned affinities to Halicore and Manatus^

Rliytina also shows peculiar characters of its own.
"Thus the anterior lobes of the hemispheres of Halicore are

exceedingly convex ; in Rhytina they are even more so, and even

higher than in the Manatee ; they are depressed from the same
cause, on the anterior surface, especially on the sides, but less than

in Halicore and Manatus, but they overhang in the middle to a

greater degree. The posterior lobes of the hemisphere of Rliytina,

on their posterior border with the cerebellum, are broader than

in the other genera of Sirenians before mentioned (and in this

respect they are not unlike the same lobes in the elephant) ; they

also show on the upper surface an oval convexity or furrow ; these

then constitute peculiarities. The hemispheres of the brain of

Rhytina further differ in this, that they appear to approximate very

closely to one another. The cerebellum in Rhytina is depressed

to a greater extent, and is broader and stronger than in the other

genera. The brain in Rhytina affords therefore a form intermediate

between Halicore and Maiwtus. Otherwise the brain of the Rliytina,

considering the huge size of the body of the animal, seems to be six

times smaller * in proportion than that of Manatus or Halicore.

The plaster-cast of the brain of Rhytina shows traces of the small

optic nerves, and of a very large fifth hypophysis showing a rounded

prominence "t.

Bones of the Ear o/Ehytina ^tQ)leT\ preserved.—The os petrosum

of the periotic, with the tympanic annulus, is preserved on both the

right and left sides of the skull.

On removing the peat from the cavity of the mid-ear Mr. C.

* This agrees with Prof. Marsh's obsei'vations on the smalhiess of the brain

in Tertiary mammals, and is in favour of the very high antiquity of Bhytina.
See Marsh in Silhman's Journ., "On the small size of Brain in the Tertiary

Mammaha," orcl series, vol. viii. 1874, p. 66, ibid. op. cit. vol. xii. 1876, p. 61

and vol. xxix. 1885, pp. 190-193.

t Brandt, " Symbolas Sirenologicae," fasc. iii. 1878, p. 256. Tab. ix. Mem. de
I'Acad. Imp. d. Sc. St. Petersbourg, ser. vii. tom. xii.
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Barlow (the formatore of the Geological department) discovered

the three auditory ossicles still within the cavity. They agree very
closely with the figures given by Brandt *, and are also near to the

ossiculse auditus of the Manatee.

The Stapes.—The stapes is a short columella-like bone, flattened

at each end, having a small perforation (which may perhaps indicate

the remnant of a much larger opening, the stirrup, observable in

this bone in some other mammalia). It fits at one end into the

fenestra ovalis, and unites at the other with the end of the incus.

The Incus.—The incus is longer and stouter, and the superior and
inferior faces are depressed, and the posterior process, the long cms,
which articulates with the stapes, is shorter than in the Manatee
and Dugong.

The Malleus.—The body of the malleus is much swollen, more so

than in the Dugong ; the superior face is convex, not depressed, as in

Manatus latirostris. The external process of the malleus has a

straight internal border (not arched as in Manatus) ; the external

border is strongly arched (not truncated below) ; the external face is

greater in breadth and is flatter than in Manatus. The condyles,

articulating with the incus, are bilobed and depressed.

Bones of the Scapular Arch and Fore Limb.—The sternum has been
figured by Brandt f. It is a much stouter and stronger bone than
in the Manatee, but is similar in form.

Scapula.—The scapula is somewhat convex externally, the inner

concave face fitting closely against the anterior ribs to which it was
applied ; the spinous process of the scapula is strongly developed.

The glenoid cavity is deep and circular and well fitted to the rounded

head of the humerus ; the humerus is short and stout ; the radius

and ulna, which are also short, are anchylosed together at both

extremities and incapable of any rotatory motion ; the olecranon is

strongly produced and curved, showing that the fore arm as well as

the humerus had considerable free lateral movement for the act of

swimming.
The Manus.—The carpal bones and digits are unknown in

JRhytina ; the digits were probably five, as in Manatus and Halicore

(but the thumb in the latter is rudimentary). Externally viewed

the fore limbs in Bhytina were fin-like, with no external digits or

nails visible ; but Steller describes their extremities as thickly

covered with short bristly hairs.

Density of Skeleton.—The skeleton is remarkable for the

massiveness of the bones, especially the great density of the ribs,

which have the hardness of ivory. There is a geueral absence of

medullary cavities in the bones.

The great specific gravity of the bones no doubt assisted these

* See also Claudius " On the organs of hearing in Bhytina,'" Mem. Acad.

Imp. Sci. St. Petersbourg, 1867, vol. xi. no. 5, 2 plates ; Brandt, " Symb. Siren."

Faso. ii. pp. 8-10, Tab. ii. figs. 11-20. Mem. Acad. Imp. Sci. St. Petersbourg,

ser. vii. 1861.

t I believed we also had in the Museum an imperfect sternum of Bhytina,

and Prof. Flower, after comparison, agrees in this determination.
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animals in keeping their large bodies sunk beneath the surface of

the shallow waters in which they dwelt whilst feeding upon the

marine vegetation upon which they wholly subsisted.

Variations to the rule ofseven Cervical Vertehrce usually obtaining in

the Mammalia.-—Although the normal number of cerYical vertebras

maintained in the Mammalia is usually seven, yet some of the

Sirenia (such as the "American Manatee") have only six. Con-

versely in Bradypus the number of the cervical vertebrae is increased

to eight or nine. This is explained by the fact that the thoracic

vertebrae in Bradypus pass into the cervical region, while the

diminution to six in Choloepus and in the American Manatee is

similarly explained by the complete development of the rib of the

seventh cervical vertebra.

Bhytina has been described by Steller as only possessiug six

cervical vertebrae, like the Manatee ; but Brandt correctly gives the

number as seven, and the specimen now in the Museum confirms

this determination.

The atlas- and axis-vertebrae in Bhytina are fairly robust,

and the atlas is as broad as the second dorsal vertebra ; but the

five remaining cervical vertebrae, although quite free, are thin and
plate-like, as in the Cetacea proper. But the Sirenia are distinguished

from the true Whales by their capability of moving the head from
side to side, and up and down, by means of the " odontoid " process

of the axis vertebra on which the head rotates. In the Cetacea, in

which the cer\ical vertebrae are anchylosed together to a greater or

less, extent, and the neck is consequently immovable, the odontoid

process is also wanting.

As the Sirenia spend their whole lives browsing upon the Lami-
narice and other AJgae and aquatic plants, this power to move the

short neck pretty freely must be essential to them both in feeding

and also in putting up their heads to breathe.

The number of vertebrae attributed to the Sirenia, both of living

and extinct genera, is very variable according to difi'erent authors.

Prof. Brandt attributed to Bhytina 7 cervicals, 19 thoracic or dorsal

vertebrae, and from 34 to 37 lumbar, sacral, and caudal. The
cervicals and dorsals are readily determined ; but, as none of the

vertebrae are anchylosed together to form a sacrum, it is a matter of

some difficulty to decide which are lumbar and which are sacral

vertebrae.

Not only does anchylosis never occur in the vertebrae of the Sirenia,

but the fiat ends of the centra of the vertebrae do not ossify separately

so as to form disk-like epiphyses in the young state, as is commonly
the case in all the other Mammalia.

Brandt indicates the 7th vertebra beyond the last of the dorsal

or thoracic series as bearing the rudimentary pelvis ; but as the ver-

tebrae are never anchylosed to form a sacrum, we can only conjecture

(by noticing a slight prominence upon the posterior border of the

extremely wide transverse processes) which of these lumbar-sacral

vertebrae seem marked as sacral, probably about the 5th, 6th, and
7th. The 13 vertebrae next behind the dorsal series may, from their
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size and their wider and longer transYerse processes, be considered

lumbar and sacral, and the 21 following vertebrse as caudal ; about

6 or 8 of the most anterior of the latter had small chevron-bones or

haemal arches attached to them in the St, Petersburg specimen.

The transverse processes in the caudal series are much smaller,

thicker, and shorter, and are directed obliquely backwards.

Variation in form of tJie Centra in the Vertebral Column.—There
is a marked change in the form and size of the neural arch and the

centrum of the several vertebrae in the sjjinal column, from before

backwards. The anterior dorsal vertebrae have each a small com-
pressed centrum, much broader than deep ; the neural arch is

triangular, the neural spine erect.

Prom the 5th to the 8th dorsal the centra -are longer and cordi-

form, and the neural canal is smaller and more rounded : the neural

spine bends backwards, and the zygapophyses are more prominent.

. The lumbar vertebrae are much dilated laterally, the centra being

nearly three times as broad as deep. The neural canal is reduced

in size, and the neural spine is moderately large ; but the transverse

processes are very flat, long, broad and straight, being in relation

to the centrum as 5 to 1.

The centra of the caudal vertebrae are rounder, the transverse

processes are short and stout and bent backwards ; the neural canal

is reduced to a very small size, and the neural spine graduaEy
disappears.

The earlier caudals have short Y-shaped chevron-bones or haemal

arches.

The 11th to 16th thoracic or dorsal vertebrae have irregularly

developed hypapophyses on the ventral surface of their centra.

There are 19 pairs of ribs in Bhytina, probably not more than

two pairs of which were articulated to the sternum. The 1st and
2nd pairs are short and much compressed laterally, the third and
following are round and very massive, and increase in curvature and

length up to the 12th, when they gradually become shorter and less

curved, the 19th being quite rudimentary.

This large number of rib-bearing vertebrae in the Sirenia is only

equalled in Elejohas and Rhinoceros, and only exceeded in Dendrohyrax
(which has 22 costal vertebrae), thus affording another point of

analogy in Rhytina to the TJngulata*.

The ovoid visceral cavity thus enclosed within the bony walls of

the ribs is of vast dimensions ; and one realizes readily the statement

that a full-grown male, covered with its integument and flesh,

weighed as much as 3|^ tons.

Habits of Khytina, &c.—The Sirenia pass their whole life in the

water, being denizens of the shallow bays, estuaries, lagoons, and

* The teeth in Manatus and Halitkeriv.m approach in form to the molars in

Hijypo'potamus, Mastodon, and the Suid«.
Dr. Murie strongly insists upon the dermal characters as oiFering a Tery close

resemblance between Manatus and Elephas. The short (rudimentary) nasal

bones and the prolonged premaxillaries, with their tusk-like incisors, afford

further points of resemblance with the Proboscidea.
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large rivers ; but they never venture far away from the shore.

Their food consists entirely of aquatic plants, upon which they

browse beneath the surface, as the terrestrial herbivorous mammals
feed upon the green pastures on land *.

When Steller came to Behring's Island in 1741, the Sea-cows

pastured in the shallows along the shore, and collected in herds like

cattle. As they fed, they raised their heads every four or five

minutes from below water in order to breathe before again descending

to browse on the thick beds of sea-weed which surround the coast.

They were observed by him to be gregarioas in their habits, slow

and. inactive in their movements, and very mild and inofi^ensive in

their disposition. Their colour was dark-brown, sometimes varied

with spots. The skin was naked, but covered with a very thick, hard,

rugged, bark-like epidermis, infested by numerous parasites.

When full-grown they are said to have sometimes attained a length

of 35 feet and a weight of 3 or 4 tons.

Like most of the Herbivora, they spent the chief part of their

time in browsing. They were not easily disturbed whilst so

occupied, even by the presence of man. They entertained great

attachment for each other ; and when one was harpooned, the others

made incredible attempts to rescue it. They were so heavy and
large that, Steller records, they required 40 men with ropes to drag

the body of one to land.

Fossil and Recent Allies of Ehytina.—In Miocene and Pliocene

times Sirenians were abundant over a large portion of Europe.

Many of these are referable to the genus HalitJierium, first described

by Kaup from the Miocene of Hesse Darmstadt.

HalitJierium resembled the Dugong in its dentition (fig. 3),

having tusk-like incisors in the upper jaw, though these were not so

largely developed as in Halicore. The molar teeth were |- or f , the

anterior teeth were simple and single-rooted, the posterior teeth of

the upper jaw with three roots, and those below with two roots, and

with enamelled and tuberculated or ridged crowns, in all which
points they resemble the Manatee more than the Dugong. The
anterior molars were deciduous.

The pelvic bones are better developed than in existing Sirenians

(fig. 2) ; there is also a rudimentary styliform femur. They were

therefore less specialized than their modern representatives (Plower).

In Prorastomus (Owen) from the Tertiary of Jamaica, the denti-

tion is very remarkable ; for we have present at one and the same

time, clearly difi'erentiated—incisors g^, canines ^, premolars

14, and molars |=^=48 teeth.
5—6' 6—

o

"'' Mr. William Carruthers, F.R.S., F.G-.S., informs me that the large sea-

weeds called Laminarice grow in water at or just below low-water ; they are

nutritious and are eaten by animals. They abound in the North Pacific Ocean.
Puprecht, in his account of the Algaj of the North Pacific, records eight species

of these large weeds growing in the Sea of Ochotsk, on the shores of Kamts-
chatka, and the north of North America. He adds :

—
" When I went to see the

Coniferous trees at Monterey, California, last autumn, I was surprised at the

magnitude and quantity of the Fuel and Laminarice thrown up on the coast."
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Halicore (fig. 4), at first sight, seems widely separated, and appears

to approach towards the condition of Rhytina, having in the adult

Fig. 3.

—

Dentition of Halitherium Schinzi, Kawp.

A. Left half of the palate. B. Part of left ramus of mandible.

Fig. 4.

—

Dentition of Halicore australis. Queensland.

B.

A. Left half of the palate, B. Part of left ramus of mandible.

state only one pair of incisors left in the upper jaw, and two
(rarely three) molars on each side above and below, making 14 teeth

in all.

But, adding the milk-dentition, we have
1—1 3—3

Milk-dentition 1 33 3—3

I Incisors. Molars.
^

Permanent teeth
J J—J g ^'^^^ ti

The teeth in Halicore are more or less cylindrical ; the incisors in

their form and wear resemble those of the Hippopotamus. The
last molar is compressed laterally, giving the crown a figure-of-

eight shape ; but there is no distinction into root and crown. The
summits of the crown are tuberculated before wearing ; afterwards

they are flattened or slightly concave.
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In Manatus senegalensis (fig. 5) there are milk-incisors present -̂

^
?

wliich disappear. The molars amount to J|^ ; the upper molars

have two ridges and three roots ; the lower mandibular series have
an additional posterior ridge or talon, and only two fangs.

Pig. 5.

—

Dentition of Manatus senegalensis.

West Coast of Afnca.

A. Left half of the palate.

B. Part of left ramus of mandible.

The teeth drop out in front, and are renewed from behind as in

the Proboscidea.

This extreme variation in the number of the teeth from 2 to 48
is exactly paralleled in the Cetacea, in which we have many eden-

tulous species (Balaenidse) ; others with only two teeth present (Zi-

phioid Whales); others again with very numerous teeth (Delphinidse).

All the earlier voyagers confounded the Sirenia with the Seals,

and the Rhytina with the Morse or Walrus.

In 1811, Illiger separated the three genera

—

Manatus, Halicore,

and EJiytina, under the name Sirenia, and placed them between
the Seals and the Cetacea. They are now placed by Prof. Plower
and other naturalists between the Ungulata and the Cetacea.

The following is a List, with their distribution, of the existing

species of the order Sirenia :

—

Manatus senegalensis, Desmarest (the African Manatee), inhabi-

ting the west coast of Africa from about 16° JST. to 10° S. lat.

and as far into the interior as Lake Tchad ; and according to

native accounts, to the Eiver Keebaly, 27° E. long.

Manatus latirostris, Harlan (the West Indian Manatee), inhabi-

ting the creeks, lagoons, and estuaries of the West Indian

Islands and coast of Plorida.

Manatus americanus (the Brazilian Manatee), inhabiting the coast

as far south as about 20° S. lat., and the great rivers of Brazil

almost as high as their sources.

HaJicore tahernaculi (the Dugong) inhabiting the Eed Sea and the

east coast of Africa.

Halicore dugong, inhabiting the Indian Sea, Ceylon, Bay of Bengal,

Indo-Malayan Archipelago, and Philippine Islands.

Halicore australis, the coasts of Eastern and jN^orth Australia.
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Passing to the West Indies, we find a fossil species from thence

having important differences in dentition, by which to separate it

from the now living Manati. Three other species occur in the

Tertiary beds of South Carolina : and a doubtful form in the deposits

of Darling Downs, Queensland, Australia.

Lastly, there is the extinct Rliytina of Behring's Island now under
notice. We have, then, at the present day living in America,

Africa, India, and J^T.E. Australia, two genera and six species of

Sirenia ; and in Europe, Africa, and America, 12 genera and 27
species of extinct Sirenians.

Conclusion.—Distribution of the Sirenia.—There are, it appears

to me,' two very important points in connexion with the Sirenia

which are worthy of our special attention as geologists and palaeon-

tologists.

I allude to the present and the past distribution of this order

over the world.

If we take the belt of the tropics, that is 23|° N. and 23^° S. of

the equator (or, better stiU, say 30° JS". and S. of the equator), ive

shall cover the geographical clistrihution of all the living Sirenians.

If we take another belt of 30° North beyond the tropic of Cancer,

we shall embrace the ivhole geographical area in luhich fossil remains

of Sirenians have been met luith.

Assuming, as I think we may, that the Sirenia at the present day
belong exclusively to the tropical regions of the earth, and that Rhytina,

in its boreal home, was simply a surviving relic from the past (a

sort of geological " outlier" as of a stratum elsewhere entirely

denuded away), we must conclude that the presence of about 12 genera

and 27 species of fossil Sirenia, as widely distributed then as the

recent forms are at the present day, but with a rangefrom the tropic of
Cancer up to 60° of north latitude., affords a most valuable piece of

evidence (if such were needed), attesting the former northern

extension of subtropical conditions of climate which must have
prevailed over Europe, Asia, and N. America, in Eocene and
Miocene times and in the older Pliocene also.

The early appearance of so highly modified a form of mammal,
its abundance, distribution, and variations, serve to attest the great

lapse of time occupied in the accumulation of even our later Tertiary

deposits, which we are sometimes apt to pass over as representing but

a very brief chapter in the geological history of our earth ; and
further, it must necessitate our carrying back the Mammalian class

far into Secondary times.

Note.—Drifted remains of Manatee (either from Elorida or from

the West Indies) are recorded as having reached our shores,

probably on the waters of the " gulf-stream," in 1785.

The carcass of one of these animals was washed ashore at Leith ;

it was much disfigured, but Mr. Stewart informed Dr. Eleming
that it was the putrid body of a Manatee, or Manatus borealis,

(EeU, Brit. Quadrupeds, 8vo, 1837, p. 525.)

Q. J. a. S. m. 163.
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The following is a list of fossil Sirenia, with formations and
localities :

—

Chirotherium svhapeTminum, Bruno. Pliocene: Piedmont. Mem. Acad. Sci.

Tor. ser. ii. vol. i. (1839) p. 143.

Chronozoon australe, 0. W. de Vis, Proc. Linn. Soc. N. S. Wales, 1883, viii.

p. 382, pi. xvii. Pliocene : Darling Downs, N. S. Wales.
Ordssitherium rohustum, Yan Beneden. Pliocene : Bclgimn.
Diplotherium Manigaulti, Cope. Miocene ? : S. Carolina ; Proc, Acad. PMlad.

1883, p. 52.

Eotherium (sgyptiacum, 0-vren. Eocene ? : Mokattam, Cairo
;
Quart. Joum. Greol.

Soc. vol. xxxi. p. 100.

Felsinotherium Forestii, Capellini, 1872. Pliocene : Riosto, Bologna ; Mem.
dell' Acad, delle Sci. dell' Istit. di Bologna, ser. iii. torn. i. fasc. 4, pp. 605-
634, tav. i.-vii.

Gervaisii, Capellini, 1872. Pliocene : Siena, o}?. eit. pp. 634-642, tav. viii.

{FeldnothermraGlosel-^ve&QmblQsHalicore-.—i. m. - 2^

Halitherium Serresii, Grervais. Pliocene : MontpeUier ; d'Estres (Bouches-du-
Ehone) ; Gervais. Zoologie et Paleontologie Francaises, 2nd edit. Paris,

1859, p. 277.

fossile, Cuv. sp. Miocene : St. Maure, Loire; Angers, Eennes, Morbihan

;

Gervais, op. cit. p. 281.

Beaiimontii, Ckristol, sp. Miocene : Beaucaire, Gard, Gervais, op. cit.

p. 281.

Gh.(,ettardii, de Blainv. Miocene?: Etrechy (Seine), &c. &c. Gervais, op. cit.

pp. 281, 282.

sp.

duhium, Cuv. Eocene : Blaye, Gironde, Gervais, op. cit. pp. 281, 282.
hellv/nense, Zigno, 1875, Mem. del Reg. Lit. Yeneto, vol. xviii. part iii.

1875, pp. 438-444, tav. xiv. figs. 1-5, tav. xv. figs. 1-7. Miocene : Belluno,
Yenetia.

angustifrons, Zigno, 1875. Miocene : Belluno, op. et loc. cit. pp. 441-443,
tav. xvi. figs. 1-4.

curvidens, Zigno, 1875. IMiocene : Belluno, op. et loc. cit. pp. 443-445,
tav. XTii. figs. 1-4.

veronense, Zigno, 1875. Miocene : Belluno, op. et loc. cit. pp. 445-449,
tav, xviii. figs. 1-10.

Schinzi, Kaup, Beitrage zur naheren Kenntniss der urweltl. Saugeth.
1855. Miocene : Darmstadt ; Miocene : Malta.

Canhami, Flower. Crag (derivative)
;
Quart, Journ. Geol, Soc. vol. xxx

pp. 1-7.

Cuvieri, Owen. Miocene : MontpelLier.

sp., Yan Beneden. Miocene ("Bolderian"): Elsloo, near Maestricht.

{Chirotherium) Brocchii, Bruno (Owen, cit.). Miocene: Herault.

, sp„ Zigno, Mem. 1st, Yenet, vol. xviii. 1875, pp. 427^53. Miocene:
Chalaif, Isthmus of Suez.

Heraicaulodon effodiens. Cope. Eocene : Shark River.

Manatus Coulorabi, Filhol (1878) (named after M. Coulomb, the discoverer).

From the Eocene ? Quarries, Mokattam, near Cairo (founded on three teeth
of lower jaw like the Manatee) ; Bull. Soc. Philom. de Paris, 7^ ser. torn. ii.

pp. 124, 125,

inornatus, Leidy. Miocene ? : Phosphate beds, South Carolina ; Rep. U.S.
Geol, Survey, i. p, 336.

Fachyacanthi'.s trachyspondylus, Brandt (in part), Yan Beneden, emend., 1875.
Pliocene : Nussdorf , near Yienna ; Bull. Acad. Roy. Soc. 2nd ser. t. si. 1875,

pp. 323-340. (Based on vertebras and ribs of a Sirenian,) Zool. Record
vol. xii. 1875, p. 14.

_

Prorastomus sirenoides, Owen. Tertiary : Jamaica
;
Quart. Journ. Geol. Soc.

1855, vol. xi. pi. XV. figs. 1-6, vol. xxxi. pp. 559-567.

Bhytinagigas, Zimmermann, Geograph. Gesellsch. 1780, Pleistocene: Behring's
Island, =Rhytina Stelleri, Desmarest, 1819.

Bhytiodus Capgrandi, Lartet. PHocene : Basin of the Garonne,
Trachytherium Baulini, Gervais. Miocene : La Reole, Gironde, op. cit. pp. 282,

283.
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We thus see that remains of Sirenians are met with over the

greater part of Europe (in England, Holland, Belgium, France,

Germany, Austria, Italy), and in the deposits of analogous age in

the Isthmus of Suez at Chalaif, and the quarries of Mokattam
near Cairo, in Africa.

Bibliographical List of Worlcs on the Sij^enia.

Steller, G. W. " De Bestiis marinis, auctore Georg. Wilhelm. Stellerc,

Descriptio Manati seu Vaccaj marine Hollaudorum, Sea-cow Angloriim.

Eussoruin Morskaia Korowa, occisse d. 12 Jul. 1742, in insula Behringii,

Americam intei' et Asiam in Canali sita," pp. 294-330, 1745. Mem. Acad.
Sci. St. Petersbourg, t. ii. 1751.

Brandt, J. F. " Symbolas Sirenologicae." Mem. Acad. Imp. Sci. St. Peters-

bourg, 1846, 6*"^ Serie, ii. Part, Sci. Nat. v. vol. 4'"^ Hv. pp. 1-160, Tab. i.-v.

3id. 7'^«^ Serie, vol. xii. pp. 1-383, Tab. i.-ix.

NoRDMAXN (A. von). "Beitrage zur Kenntniss des Knochen-Baues der BJiytina

Stelleri." 4to, Helsingfors, 1861. Acta Sci. Fenn. torn. vii.

Blainville (H. M. de). ' Osteograpbie ou Description Iconographique comparee
du Squelette et du Systeme Dent aire des cinq Classes d'Animaux Vertebres

recents et fossiles .... ouvrage accompagne de planches lithographiees

sous sa direction par M. I. 0. Werner.' Texte, 4 torn., & Atlas, 4 torn.

4to, Paris, 1839-64.

K^vup (J. J.). ' Beitrage zur naheren Kenntniss der nrweltlichen Saugethiere.'

Heft. 1-5. 4to, Darmstadt, &c. 1854-61.

Bruxo. " Illustrazione di un nuovo Oetaceo fossile." Mem. Acad. Sci, Tor.

ser. ii. vol. i. pp. 143-160 (with 2 plates).

Lepsius, Prof. G. E-. " Der foss. Sirene, Halitherium 8chinzi, d. Mainzer
Beckens." Abhandlungen mittelrlieinischen geol. Vereines.

Steixeger, L. Proc. United-States Nat. Mus. vi. 78 ; records discovery of

Ehi/tina in Commander Islands.

Wallace, A. E. ' Geographical Distribution of Animals,' 1876, vol. i. p. 119.

Leidy, Prof. J. ' Description of Vertebrate Remains from the Phosphate Beds
of South Carolina.' Philadelphia, 1877, p. 214 ; and Holmes, 'Post-Pliocene

Fossils of South Carolina,'

Owex, E.ICHARD. " Description of the Anatomy of the Dugong from Penang."
Proc. Zool. Soc. Lond., Mar. 27, 1838, pp. 28-45.

Roger, C. "Liste der bis ietzt bskannten Saugthiere." Oorresp.-Blatt. d. Ver.
Regensburg, 1880, p. 165 ; 1881, pp. 27, 52, 117, & 162.

Dybowski, B. Proc. Zool. Soc. 1883, p. 72 ; Zool. Record, 1882 (83), p. 'db.

Fkantzius. In Wiegmann's Archiv, 1869, pp. 300-304 : "Manatics americanus,

Notes on the Distribution of, in Central America."
Brandt, J. F. " Notes on the Extinction and former Distribution of Ehytina."

Bull. Imp. Acad. St. Petersbourg, xi. 1867, pp. 445-451.
. "Cyamus RhytirKs." Mem. Acad. St. Petersb. 1871, vol. xvii. No. 7 ; and
Ann. & Mag. Nat. Hist. 1872, pp. 306-313.

Claudius, Prof. " On the Organs of Hearing in Wiytinar Mem. Acad. Sci.

St. Petersb. 1867, vol. xi. No. 5, 2 plates.

Kraus. " Manatee (the pelvic arch-bones of)." Arch. Anat. Physiol. 1872,

pp. 257-292.
. ''Halicorer 0^. dzf. 1870, pp. 525-614.

MuRiE, Dr. J. " On the Form and Structure of the Manatee." Trans. Zool. Soc.

vol. viii. 1872, pp. 127-202, plates 17-26.

Owen. Richard. "Anatomy of the Dugong." Proc. Zool. Soc. Lond. 1838,

pp. 28-45.

Gervais, Paul. " Extinct Sirenia." Journal de Zoologie, tome i. 1872, p. 332.
Nordenskiold, a. E. ' The Voyage of the Yega round Asia and Europe,' in 2

vols., vol. ii. pp. 272-281.
Gervais, Paul. ' Zoologie et Paleontologie Fran^-aise,' 2nd edition, 1859.

Flower, W. H. Order Sirenia, Article " Mammalia," in Encyclopedia Britan-

nica, 9th edition, vol. sv. 1883, pp. 389-391.
. Article " Manatee," op. cit. pp. 456, 457.

Allen, J. A. " Cetacea and Shenia," Bull. U. S. Geol. Surv. vol. vi. p. 99.

2b:2
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Discussion.

Prof. BoTD Dawejn-s thought the evidence brought forward sup-

ported the view that we are still living in the Tertiary period.

He thought Ealicore was as highly specialized as Frorastomus.

He believed the multiplication of teeth was connected with the

aquatic habit.

Dr. MuEiE pointed out that the characteristics of the whole group
of the Sirenia allied them to the Cetaceans, Pachyderms, and pos-

sibly the Ungulates. He insisted on the similarity of the skin of

the Sirenia to that of the Elephants. The heart, blood-vessels, bones,

muscles, and viscera of the Sirenia are all peculiar. He referred

to the differences of the tail in different genera of Sirenia. He did

not agree with the enumeration of recent and fossil species, as

shown in the diagram. He thought that there might be two, but

possibly only one, living species of Manatus, and one of Halicore,

while many of the so-called species of Halitherium would not stand.

The Atjthoe, in reply to Prof. Boyd Dawkins, pointed out that the

presence of canines and differentiated molars and premolars indi-

cated Prorasiomus to be a more highly specialized form. That the

multiplication of teeth in aquatic forms is not a universal rule

is shown by the edentulous Wiytina.
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34. Note on the Sternal Apparatus in Iguanodon.

By J. W. Hulke, Esq., P.R.S., F.G.S. (Eead June 10, 1885.)

[Plate XIV.]

One of the few parts in the osteology of Iguanodon upon which the

rich series of Bernissart fossils preserved in the Musee d'Histoire

^N'aturelle at Brussels, so ably worked out by M. Dollo, and con-

cerning which the numerous remains discovered in our own country

have hitherto not afforded any certain information, is the sternal

apparatus*.

A specimen which I lately had the pleasure of seeing in the rich

collection of /(/wfmocZon-remains made from the Wealden Beds at

Hastings by S. H- Beckles, Esq., F.R.S., a EeUow of this Society,

appeared to me to supply the desired knowledge. Mr. Beckles

readily acceded to my wish to bring it under the Society's notice

;

and I tender him my warm thanks for his permission, and also for

most courteously placing this and other fossils at my disposal for

examination and study.

The piece which I identify as part of the sternal apparatus is an

azygos bar, from near one end of which two lesser rods diverge

laterally, one from each side (PL XIY. fig. 1). Each of these rods

(cZ) has an expanded mesial end, a contracted cylindroid shaft, and a

swollen outer extremity. The expanded mesial ends are applied

to that surface of the azygos bar which I regard as ventral,

approaching each other here so closely as to leave between them
only a very narrow interval in which the bar is visible. Their

dimensions are as foUows, viz. :

—

Length 22-5 cm.

Breadth of mesial end 16-5 „

„ shaft at its middle 5*0 „

Longer diameter of outer end 7*5 ,,

Extreme distance between outer ends 46-5 „

The identification of these divergent rods with the bone cemented

by rock to an Iguanodon scapula in the British Museum (recognized

first as clavicle by Mr. W. Davies), and also with the two bones

figured by M. Dollo as the right and left moieties of the sternum

(PL XIY. fig. 2), will not, I think, be questioned. Some minor

* Other parts of the pectoral arch—the scapula and coracoid—have long been
known, the clavicle more recently. The latter was first, I think, recognized as

such by Mr. W. Davies. His identification was accepted by Prof. O. C. Marsh,
and subsequently by myself, with some reservation (Quart. Journ. G-eol. See.

vol. xxxix. p. 6i).
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differences are, I think, fairly attributable to mutilation and com-
pression. The symmetry of their junction with the azygos bar
strongly favours the belief that we see here preserved the undis-

turbed normal relation of the several parts. On this supposition

the two divergent rods occupy precisely the position, and they have
the same relation to the azygos bar or interclavicle (PI. XIY.
fig. 3, id) as the clavicles in extant Lacertilia ; for the apposition of

their outer ends to the process termed " acromial " on the anterior

border of the scapula will hardly be doubted.

The azygos piece (PI. XIY. fig. 1, id) has the form of a long

flattened bar, the width of which appears to increase slightly from
that which I regard as its anterior end to a point about 9*5 cm.
behind the clavicles, and thence to decrease slightly to the posterior

extremity. The anterior extremity, which advances slightly in front

of the mesial ends of the clavicles, is indented at its middle. The
posterior margin is nearly straight, but I do not feel certain that

this is a natural edge, and that the bar may not originally have
been somewhat longer. The lateral borders for the space of 7 cm.
behind the clavicles to the point where the bar attains its greatest

width are smooth and arcuate, suggestive of having formed a small

segment of a long curved articular groove for the reception of an
epicoracoid; whilst the remainder of the border behind this is

rough, uneven, and apparently non-articular. A mesial ridge or

low keel divides the bar longitudinally. Its greatest elevation is

about 1*5 cm.

Measurements of Azygos Bar.

Length 39*4 cm.
Width at anterior extremity 11°0 „
Maximum width, behind clavicles .... 15-3 „

Length of exposed arcuate part of

lateral margin about . 7*0 „

Width at posterior end of bar 10*0 „

What is this azygos bar? That it comprises the interclavicle

(ParJcer) (= epistemum of some authors, the clavicular sternum,

Hoffmann\ is, I submit, demonstrated by its connexion with the

clavicles, which, as I have already said, agrees with that obtaining

in existing Lacertilia. But does it comprise the sternum (costal

sternum, Hoffmann) also ? Marks of connexion of costse with

its lateral borders would be decisive of this, but none are recog-

nizable. The extent, of the arcuate part of the lateral border

is quite incommensurate with the size of the arc which we know
the mesial border of the epicoracoid must have had. Lastly, the

figure of the azygos bar is quite unlike the shield-like sternum of

extant Lacertilia and Crocodilia.

These considerations weigh with me in regarding the azygos bar

as an interclavicle only—the homologue of that of now living

Lizards, and of the bony sternum, so called, of extant Crocodiles.

If this view is correct, the bar was splinted to a shield-like sternum
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bearing ribs. The non-recover}^ of such a sternum by Mr. Beckles,

when we bear in mind that under his personal superintendence a

verj' considerable part of the skeleton, including both fore limbs,

was exhumed, favours the suggestion that I threw out in my Pre-

sidential Address in 1882, that the sternum in Iguanodon may have

been cartilaginous, as in living Crocodiles.

EXPLANATION OF PLATE XIV.

Fig. 1. The clavicles with the interclaricle. Half natural size. In Mr. Beckles'

s

collection.

2. The bones suggested by Dollo as the moieties of the sternum.
3. Schema of the restored pectoral arch.

The following lettering applies to all the figures:

—

cl, clavicle; id, inter-

clavicle ; cor, coracoid ; ep. cor, epicoracoid ; sc, scapula ; cs, costce ; st, (carti-

laginous?) sternum.

Discussion.

The Peesident congratulated the Author on the interestiug^dis-

covery he had made in connexion with the anatomy of the Dino-

saurs.
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35. The Lower Pal-^ozoic Eocks of the ISTEiGBiBOirEHOoD of Hayer-
FORDWEST. By J. E. Marr, Esq., M.A., F.G.S., Eellow of*

St. John's College, Cambridge, and T. Eoberts, Esq., B.A.,

E.G.S., St. John's CoUege, Cambridge. (Bead June 10, 1885.)

[Plate XV.]

§ 1. Introductory,

The country around Haverfordwest is of great interest to geologists,

first, on account of the evidence furnished therein of the relations

of the graptolite-bearing beds to the strata which are characterized

by the presence of higher organisms, and secondly, from the nature

of the foldings which the rocks of the district have undergone.

"We propose, in this communication, to devote our attention to the

former of these subjects.

Our work is based upon that which has been done by the Greo-

logical Survey, and published in Sheet 40, Horizontal Sections, Nos.

1 & 2, and Mem. Geol. Survey, vol. ii. part i.

Whilst fully acknowledging the great value of these publications,

we think it desirable, now that our knowledge of the forms of life

occurring in these rocks has been so much increased by the labours

of many geologists in recent years, to attempt a more minute classifi-

cation of the rocks of this district than that adopted by the Govern-

ment Surveyors. In our opinion, this further description of the beds

will throw considerable light upon the character of the movements
which the district has undergone.

Our thanks are due to Dr. Hicks for the very kind way in which
he placed a series of specimens collected by himself at our disposal.

We have also to thank Prof. Lapworth for his kindness in examining

our collection of graptolites.

The area which we have chiefly examined is a well- defined tract

(see Map, PL XV. fig. 1), about eighteen miles in length from east

to west, and having an average breadth of five miles, lying to the

north of the towns of Haverfordwest and JS'arberth. It is bounded

on the north by a great fault, running from Eoch Castle in an
easterly direction, along the margin of a mass of rock which Dr. Hicks

has claimed as Pre-Cambrian. On the west and south, the Lower
Palaeozoic rocks of this tract are succeeded by Old Eed Sandstone

and Carboniferous deposits, and on the east, a considerable extent of

Llandeilo limestone is represented on the Geological Survey map.

Within this area is a portion of a wide sjiiclinal, complicated by
minor foldings, running from near CljTiderwen Station on the east,

to the Coal-measures on the west. South of this is a complicated

anticlinal in the neighbourhood of IS'arberth.

§ 2. Establishment of the Succession.

1. Lingula Flags.—To the north of the great fault alluded to as
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running eastward from Eoch Castle, north also of the Pre-Cambrian

ridges, parallel with this, are black iron-stained slates, weathering

oHve-grey or yellowish, generally dipping north. They are well

seen near Leweston, Trefgarn Bridge, and Spittal Cross. At Lewes-
ton Old Mill they have yielded :

—

Agnostus pisiformis, Linn. I Olenus spinulosus, WahZ.
, yar. socialis, Tidlh.

\

At Trefgarn Bridge the following very important section occurs in

a quarry by the roadside, close to the fourth milestone from Haver-
fordwest (fig. 2).

The shales are considerably disturbed, and contain a fair number
of fossils of the same species as those found at Leweston Old Mill.

The conglomerate adheres to an ashy-looking rock of Pre-Cambrian

(?) age, with nearly vertical divisional planes, the origin of which we
were unable to determine.

The fossils found in these two localities prove that these beds are

Lingula Plags. Dr. Hicks has recorded the presence of Lingula
^ Flags about this spot (Q. J. G. S. vol. xxxv. p. 287), but gives no
fossil list ; and it is interesting to find that his determination of the

age of the beds, based presumably upon lithological characters, is

fully borne out by the fossil evidence.

To the south of the great fault, much newer beds occur, so that

we are unable to record the occurrence of Tremadoc and Arenig

fossils in the area under consideration.

2. Didymogy^aptus Shales.—These beds occur in the complicated

anticlinal to the east of Narberth, and, next to the Lingula Plags,

are the oldest beds we have met with in the tract of country we
have examined. They consist of black graptolite-shales of the

ordinary type, crowded with "tuning-fork" Didymogmpti, and con-

taining also small homy brachiopods and fragments of trilobites.

Didymograptus Murcliisoni occurs in abundance. That these beds

are underneath the Llandeilo limestone is shown by their occurrence

in an anticlinal arch between the limestone of Llan Mill and that

of Lampeter Yelfry. The southern arch of this anticlinal is vertical,

and even reversed in places, but it is indicated as an anticlinal in

the horizontal section No. 2 of the Oeological Survey. The lime-

stone of Lampeter Yelfry is a faulted synclinal, and to the north

occurs another anticlinal, between Lampeter Yelfry and Llandewi
Yelfry, and here again the DidymograiJtKs-shales are found, and have
yielded Didymograpti by the roadside west of '•' LI " in " Llandewi
Yelfry."

The same fossils are found in similar shales near Whitland, below
the limestone, but at some distance from its outcrop.

Prof. Lapworth (Ann. & Mag. Nat. Hist. Ser. 5. vol. iii. p. 59) also

places the Didymograpiiis-shales of this area below the Llandeilo

limestone.

3. Llandeilo Limestone.—The well-knovm black limestone of Llan
Mill, Lampeter Yelfry, Llandewi Yelfry, &c., interstratified with
black shales. It is frequently crowded with fossils, and the following
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are preserved in the Geological Survey lluseiiin from the limestone
of tMs region :

—

Triaueleus favus, Salt.Monticiilipora favulosa, Phill.

Beyrichia complicata, Sali.

Calymene cambrensis, Salt.

Asaphiis tyrannus, Murch.

Leptsena sericea, Sow.
Orthis striatula, CoJir.

&c. &c.

The limestone is also seen north of Stoneyford^ on the road
between IS'arherth and Clynderwen Station ; and similar limestone,

which has, however, not furnished us with any fossils, occurs at

Bullhook and Camrose, as marked on the Geological Survey map.
4. Dicranograiotus Shales.—These beds immediately succeed the

Llandeilo limestone of Llandewi Yelfry, and are seen above the liine-

stone quarry at " P " in '' Parsonage." They are black shales, with
some grit bands, and are usually crowded with graptolites, including

Dicranogrciptus ramosus, Olimacograj^tus hicornis, &c. We have
nowhere seen a section giving the complete series. At Llandewi
Velfry there is room for about 50 feet of shales betw.een the

Llandeilo limestone and the beds above the shales, but it is very

doubtful whether the whole of the shales are now represented here.

The uppermost beds of the series certainly occur at this locality.

They are well-defined, flaggy and sandy black shales, characterized

especially by the abundance of OrtJiis argentea, His., and may there-

fore be spoken of as the zone of OrtJiis argentea.

Dr. Hicks (Q. J, G. S. vol. xxxi. p. 178) also places the Llandeilo

limestone between the Didymograptus- and Dicranogra]ptus-6h.^e^.

Confirmatory sections.—The Dicranogra]jtus-s\iLdle^ are exposed to

a considerable extent to the north of the complex synclinal.

On the west side of the Western Cleddau, they occur much folded

in the neighbourhood of Camrose, and at Camrose Mill the Dicrano-

gra^tus beds are again seen succeeding the Llandeilo limestone. At
Wolfsdale they have yielded Ogygia BucJiii. On the east side of

the Western Cleddau the beds set in at Kudbaxton, and we have

found graptolites at Green Plain, south of Trefgam Bridge. At
Clarbeston-Eoad Station also graptolites occur. The beds can then

be traced in several sections along the railway as at Pendwr, Long-

ridge Bridge, and Blaen Waen, between Clarbeston-Eoad and Clyn-

derwen Stations, and they appear to overlie the Llandeilo limestone

south of Bullhook, although the two are not in close proximity.

These beds are also brought up by folds to the south of this. ]S"orth

of Stoneyford they lie immediately over the Llandeilo limestone. The
Orthis-argentea zone is seen near Grondre, at Robeston Wathen, and

at Prendergast, but no Llandeilo limestone is exposed at these

places.

We have then several independent sections showing the Dicrano-

^r«29ius-shales immediately succeeding the Llandeilo limestone, and

the latter may, indeed, be looked upon as merely a calcareous

development of the black shales which occur below, within, and

above it.

The fossils, other than graptolites, of the jDicranograptus-shales,

occur chiefly in the Orthis-argentea zone, with the exception of
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Ogygia BucTiii. In that zone we find Turrilepas sp., Pleurotomaria

and OrtJioceras. SipJionotreta micula also occurs in abundance, as

well as in lower zones, and other horny brachiopods are common.
5. Roheston WatJien Limestone.—This deposit is best known as

occurring at the village of Robeston Wathen, where a quarry to the

north of the church contains a black limestone with interbedded

black shales, dipping S.S.W. The calcareous bands are crowded

with Hall/sites catenulariiis, and other fossils occur, including Orthis

elegantula., Dalm. Trilobites are rare and fragmentary.

(It is to be noticed that many of the fossils from this locality in

the Jermyn-Street Museum are not from this limestone, but from

higher beds, to be described presently.)

As the section here is an important one, a figure of it is added

(PI. XV. fig. 3).

The graptolite-shales are seen by a stream immediately below the

quarry, dipping under the limestone. These shales belong, as stated

above, to the Ortliis-argentea zone, and the limestone itself appears

to be a calcareous development of the upper part of these shales.

Gonfirmatory Sections.—jSTear Grondre, two miles north-west of

Eobeston Wathen, the same limestone is seen, as represented on the

Geological Survey map. It is crowded with Malysites, as at Robeston

Wathen, and is here nearly vertical. In a quarry, at this place, the

black limestone is associated with an ashy-looking limestone which
yielded a cystidean, and which is apparently the representative of

the lowest stage of the next series ; but the relations of the two were

not determined. Possils of the black limestone at Grondre :

—

SyringophjUum organum, Li7in.

Halysites catenularius, Linn.

Petraia asquisulcata, M' Coy.

To the north-east of the limestone quarry, in a small quarry in a

field close to Grondre farm, the Orthis-argentea shales are dipping

north. The limestone strikes as though it would pass above the

shales. The tract between Grondre and Eobeston Wathen is much
disturbed, newer beds being faulted and folded in.

At Llandewi Yelfry, the Orthis-argentea shales, which occur

some way above the Llandeilo limestone, pass up into flaggy black

limestone like that of Eobeston Wathen.
At Fron, 1| mile north-east of Llandewi Yelfry, where the Llan-

deilo limestone is not seen, the Ortliis-argentea shales are found in a

small roadside exposure, dipping a little north of west ; and on the

hill- side to the west of this and above it, black limestone is exposed

in a quarry, presenting an appearance quite similar to that of

Eobeston Wathen, also with abundance of Halysites, and amongst
other fossils the following :

—

HeUolites interstinctus, Wahl.
dubius, Schmidt.

Petraia sequisulcata, M'Coy.

niaenus Bowmauni, Salt.

Orthis Actonige, Sow.

elongata, Phill.

IHgenus Eowmaiini, Salt.

Glauconome disticha, Goldf.

Orthis Actonise, Sow.
calligramma, Balm.

Leptsena transversahs, Wahl.
Strophomena rhomboidahs, Wilck.

At Prendergast, north of Haverfordwest, the Orthis-argentea
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shales are seen in a lane north of the church, dipping north, and
they are very flaggy and calcareous towards the summit, but lime-

stone bands do not occur as in the above localities.

The section seen in this lane, and in a quarry immediately
to the east of it, is shown in PL XY. fig. 4.

6. Trinucleus-seticornis Beds.—These are subdivided into three

stages, viz. :

—

(a) Sholeshook limestone.

(6) Eedhill shales.

(c) Slade calcareous shales.

The beds succeeding the Eobeston TTathen limestone consist

mainly of blue-grey shales, weathering olive-green, with a con-

siderable development of calcareous matter at the base and summit.
The form Trinudeus seticornis, or its variety BucMandi, occurs

throughout, and is very characteristic of these beds, which may
therefore be spoken of as the Trinucleus-seticornis beds.

(a) Sholeshook Limestone.—At Eobeston Wathen, the central

part of the quarry, as shown in the section (fig. 3), contains the

upper portion of these beds immediately succeeding the Eobeston
Wathen limestone. It differs considerably from that limestone both

lithologically and palseontologically. Whereas the black limestone

is evidently a calcareous development of the black shales, the

calcareous band we are now considering is no less clearly a

member of the blue-grey shales ; and this is also true of the lower

zones which occur in other localities. The following fossils occurred

in this calcareous band :

—

Heliolites interstinctus, Wahl., Glyijtocrinus

hascdis, M'Coy, Trinudeus seticornis, His., Phacops Brongniarti,

Portl., P. alifrons ?, Holojoella, Orthoceras.

The actual limestone appears to have been crushed out at this

point, the fossils occurring in calcareous shales which are elsewhere

seen immediately above the limestone itself.

Confirmatory Sections.—At Prendergast, as seen in fig. 4, the

uppermost member of the Orthis argentea beds, which is there

calcareous, is succeeded by greenish, impure limestone, crowded with

fossils, especially trilobites, although the limestone itself is much
crushed. The fossils are similar to those of Eobeston Wathen, but

are much more abundant. The following occur :

—

Homalonotus ?

Trinudeus seticornis, rar. BucHandi,
Barr.

Agnostus trinodus, Salt.

Orthis elegantula, Balm.
Leptsena quinquecostata, M'Coy.

sericea, Sow.

tenuicincta, M'Coy.
Strophomena rhomboidahs, WilcJc.

Ctenodonta ?

Bellerophon bilobatus, Sow.

Orthoceras,

Cyrtoceras sonax, Salt.

Halysites catennlarius,

Petraia,

Crinoid and cystoid fragments.

Tentaculites anglicus, Salt.

Phacops mucronatus, Brongn., var.

alifrons, Salt. ?

Cheirurus bimucronatus, Murch.
juvenis. Salt.

octolobatus, M'Coy.
Lichas laxatus, M' Coy.

Stygina-

Cybele verrucosa. Balm.
lUgenus Bowmanni, Salt.

At Sholeshook a splendid section is exposed in the railway-
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cutting. The beds here are of the same nature as at Prendergast,

but the calcareous matter is mainly collected into nodules. The
general dip is northerly, and the beds which appear to dip under
the Sholeshook limestone are probably newer beds brought down by
a faulted overfold. To this part we shall refer presently. Although
the Sholeshook section does not assist us in determining the rela-

tionship of this calcareous band to the older beds, it is important as

containing so many fossils, and being a well-known fossil locality.

The following list of fossils from this place is compiled from the
specimens in the Jermyn-Street Museum, those collected by ourselves,

and those noticed by Tornquist (Ofv. af K. Y.-A. Forhandl. Stock-

holm, 1879, No. 2, p. 70).

Favosites fibres us, Goldf.

CbaBtetes petropolitana, Pand.
Cystideans (cf. Mem.Greol.SurT.vol.iii.).

Beyrichia strangulata, Salt.

Agnostus trinodus, Salt.

Ampyx tumidus, Forbes.

Trinucleus seticornis. His.

, var. Bucklandi, Barr.

Eemopleurides longicostatus, Portl.

radians, Barr.

dorso-spinifer, Portl.

Stygina latifrons, Portl.

niEenus Bowmanni, Salt.

Lichas laxatiis, M'Coy.
Calymene fatua, Salt., MS.
Cypbaspis megalops, M' Coy.

PhiUipsia parabola, Barr.

Cybele verrucosa, Balm,
Loveni, Linnrs.

Encrinurus sexcostatus. Salt.

Cheirurus bimucronatus, Miirch.
octolobatus, M'Coy.
juvenis, Salt.

Spbserexochus boops, Salt.

angustifrons, Ang.
Phacops aratus, Salt., MS.

Brongniarti, Bortl.

Glauconome, n. sp.

Leptsena sericea, Sow.
tenuicincta, M'Goy.

. Orthis testudinaria, Balm.
calligramma. Balm.

Cyrtoceras sonax, Salt.

Trochoceras cornu-arietis, Sow.

At the schoolhouse north of Pelcomb Cross (3 miles north-west of

Haverfordwest), the Orthis-argentea shales are seen by a small
stream to the west of the road, dipping in a southerly direction.

South of this, a quarry by the roadside contains beds apparently
overlying the Orthis-argentea shales. These consist of crushed calca-

reous shales of a greenish colour, quite like those of Sholeshook and
Prendergast. There is room between the Orthis-a^yentea shales and
the quarry for the Robeston Wathen limestone, but no exposure is

seen. This quarry is probably the place from which Prof. Phillips

obtained the fossils mentioned in ' Memoirs of the Geological Survey,'

vol. ii. pp. 235 et seq. The following occur here :

—

Agnostiis trinodus, Salt.

Ampyx tumidus, Forbes.

Cybele Loveni, Linnrs.

Encrinurus sexcostatus, Salt.

lUsenus (young).

Cheirurus bimucronatus, Murch.

These beds can be traced to the north of West Pelcomb, where
similar fossils are found, and Trinucleus Bucklandi is specially

abundant, and well preserved. Cheirurus juvenis also occurred here.

On the north side of the complex synclinal, calcareous beds are

seen by the platform on the south side of Clarbeston-Eoad Station,

where Trinucleus BucJclancli is found in plenty with :

—

Phacops Brongniarti, Portl. I Leptaena tenuicincta, M'Coy.
Homalonotus ?

Staurocephalus globiceps, Portl.

Phacops Brongniarti, Portl.

Phillipsia parabola, Barr.
Trinucleus seticornis, var. BucMandi,

Barr.
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On the north platform, the Dicranograjotus-shales are seen, dipping

as though to pass nnder the calcareons beds, and a small thickness of

these occurs on the south side, just at the east end of the platform.

Although the t^^o series are there seen in apposition, a small fault

must occur along the line of strike, cutting out the greater part of

the calcareous beds ; for the summit of the graptolite-shales (the

Orthis-argentea zone), the Eobeston "Wathen limestone, and the

lower part of the Sholeshook limestone stage are absent.

(6) RecniiU Beds.—^e have named these beds after the farm of

Redhill, two miles north of Haverfordwest, where a quarry by the

roadside shows a good section of the beds, which are also fairly

fossiliferous here. (As a general rule, fossils are somewhat scarce

in them.) They consist of blue-grey shales, weathering olive-green.

In all cases where the Sholeshook limestone is seen, it is found to

pass gradually up into these beds by disappearance of the calcareous

material. TVe have obtained fossils from the Eedhill beds, at

Eedhill, Pelcomb Bridge, and Wolfsdale Well, on the west side of

the Western Cleddau ; and at Prendergast Mill, Crundale, and
Eobeston "Wathen, on the east side of that river. The list here

given shows the principal fossils obtained from these localities :

—

Cheetetes, sp

Stenopora, sp

Crinoid, arms of

Phacops mucronatus, Brongn., vai

alifrons, Salt. ?

Brongniarti, Fortl.

Calymene, sp

Trinucieus BucMandi, JBai-r

Ampj-x rostratus, Sars

Homalonotus bisulcatus, Salt.

Encrinurus, sp

Linguia
Leptgena sericea, Sow

tenuicincta, 31' Co^
Strophomena rhomboidalis, WihJc.

Ortliis elegantula, Dahn
calligramma, Balm

Modiolopsis?
Area dissiniilis, Bortl.

transversa, Bortl

Holopea concinna, 3/' Coy
Pleiirotomaria, sp ,

Bellerophon, sp

Ecculiomphalus Bucklandi, Bortl...

Orthoceras gracile, Bortl

Cyrtoceras, sp

P^O'l^M'l^

*
I

11

The large tract of country west of the Western Cleddau occupied

by these Eedhill beds, is due to frequent repetition by folds, and the
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same has taken place, but to a less extent, on the east side of the

river.

(c) Blade beds.—These succeed the Eedhill stage at Lower Slade,

immediately north of Haverfordwest, on the west side of the

Western Cleddau. They are seen by the roadside, and also in a

cutting near the mill. From the latter place, we have examined a

number of fossils presented to the Woodwardian ]Museum by Dr.

Hicks. To the south they are faulted against Lower Llandovery beds,

the fault being seen in section in the road-cutting.

The beds consist of gritty green shales, with weathered calcareous

bands, very similar in lithological character to the well-known
Lower Llandovery beds of this district, but the fossils are to a

considerable extent different. Trinudeus seticornis is fairly common,
and has never been found in the Lower Llandovery beds of this

area. Many calcareous bands of this stage are crowded with

Phyllopora Hisingeri, M'Coy. Among the fossils at Slade are :
—

Grlauconome disticha, Goldf.

Lingula.

Strophomena rhomboidalis, WilcJc. ?

Stenopora, sp.

Grlyptocrinus basalis, M'Coy.
TentaciiHtes anglicus, Salt.

Calymene Blumenbachii, Brongn.
Phacops Bronguiai^ti, Portl.

lUffinus Murchisoui, Salt. ?

Bo-wmanni, Salt.

Homalonotus bisulcatus, Salt.

Trinucleus seticornis. His.

On the east side of the Western Cleddau, these Slade beds occur

in a lane north of Crundale, dipping away from the Eedhill beds of

that locality, which appear to pass under them. They are there

very fossiliferous, and have yielded Trinudeus seticornis along with :

—

corrugatella, Bav.
Leptaena sericea, Sow.

Orthis biforata, Schlotk.

elegantula, Balm.
testudinaria, Balm.

Petraia, sp.

Teutacuhtes anglicus, Salt.

Phyllopora Hisingeri, M' Coy

Calymene trinucleina, Linnrs.?

Orthis testudinaria, Balm.
Bellerophon bilobatus, Sow.

These beds are very extensively exposed in this region, being

found also in the railway-cuttings at Little Hareshead and Clover

Hill, and in a small quarry at Dallaston.

At Eobeston Wathen they occur above the blue-grey shales of

the Eedhill stage ; and on the other side of the Eobeston Wathen
synclinal, are seen at Benlomond Cottage, where Prof. Phillips

found Trinudeus ornatus, var. Caractaci (Mem. Geol. Survey, vol. ii.

p. 240).

Fossils from the north side of the Eobeston Wathen synclinal are :

—

Climacograptus.

Petraia.

Tentaculites anglicus, Salt.

Ptilodictya costellata, M'Coy.
Calymene trinucleina, Linnrs. ?

Trinucleus seticornis, His.

Cheirurus, sp.

From Benlomond Cottage :

—

Tentaculites anglicus, Salt.

Lichas.

Orthis calligramma, Balm.

Phacops Brongniarti, Portl.

lUgenus.

Orthis porcata, M' Coy ?

Leptffiua sericea, Sow.
Strophomena.
Bellerophon bilobatus, Sow.

Orthis testudinaria. Balm,
Leptaena sevicea,, Sow.
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Nortli of Stoneyford, the beds of this stage are also seen in the

southern limb of a small synclinal, the lower beds of which are

apparently absent, owing to a slight dislocation.

To the east of this, the same beds are found occupjing the more

central part of the synclinal north of Llandewi Yelfrj-.

7. Conglomerate Series.—Xear the centre of the complex syn-

clinal, and in the centres of the minor synclinals of Eobeston

Wathen, Penblewin, and to the north of Llandewi Yelfry, a coarse

conglomerate is found with pebbles of vein quartz, and other

materials of distant origin, succeeded by a coarse quartzose grit.

To the west, this grit appears to be first met with in the railway-

cutting south of Sholeshook, where it is faulted in against older

beds on the north. To the east of this, it is seen near Mary-

borough, dipping north at alow angle. From here it runs eastward

along a ridge to Piston TTood. In a quarry south-west of Yalley

Farm, green-banded mudstones, with beds of quartz-grit, possibly

belonging to this series, are found. On the north side of the

quarry they dip at a very low angle to the north, whilst on the

south' side they are vertical. This appears to be due to a sudden

bend rather than to a fault. To the west of Wiston Wood, the

conglomerate is exposed in a quarry in a field. It is here nearly

vertical, but dips slightly north, and, according to the strike, would

pass beneath the beds of the last-mentioned quarry.

Another ridge of grit runs to the north of this one, also in a

general east and west direction. It is seen faulted against Trhiu-

cleus-seticornis shales, in the railway-cutting, west of Wiston Mill.

Proceeding in an easterly direction, we again find it exposed on the

ridge ^ mile S. of " o '' in " Dallaston ;
" it is here much disturbed.

It appears to be continued along this ridge to Wiston. In a quarry

south of Church Hill, near this village, a very coarse grit is found,

dipping south. Wherever exposed, the grit of this ridge appears to

overlie or be faulted against beds of the Slade stage.

A third grit-ridge runs parallel to these, and to the south of

them. Grit is found, apparently overlying green shales, in a road-

cutting west of Slebech Xew Church. In a quarry south of Clerken

HiU, east of the last place, conglomerate is exposed, dipping north.

At Eobeston Wathen the conglomerate is many feet thick, and
occupies the centre of the s}-nclinal shown in fig. 3. In each limb

of the synclinal it rests upon the representatives of the Slade beds,

containing Trinudeus.

A patch of grit is seen in a quarry south of " Camp," 1| mile

north-east of Eobeston Wathen. The relations of this to the sur-

rounding beds are somewhat obscure, as the tract of country between
the limestones of Eobeston Wathen and Grondre is, as already

stated, much broken.

Another ridge runs from near Penblewin eastward. Here the

conglomerate is found in a quarry west of Carmine, dipping north

at an angle of 20° and succeeded by coarse grit. It rests upon the

representatives of the Slade beds which occur at the cross roads at

Penbelwin.
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' The last appearance of the conglomerate eastward, in the area we
have examined, is in a quarry west of Wheelabout, where it is

succeeded by sandstone, the beds dipping N.W. It occurs at this

place also above beds of the Slade stage, which are well seen at the
" k " of " Bank Saison " dipping west.

Prom the numerous exposures of the beds of this series, where
they immediately succeed the Slade beds, there seems little doubt

that this is the true position of the conglomerate ; and as we have

found no evidence of its resting upon any beds lower in the series,

it would seem that there is no very great physical discordance at

the base of the conglomerate-band, which nevertheless may marlc

an important physical change in the area.

We have unfortunately been unable to find any exposures showing

the conglomerate succeeded, without suspicion of faulting, by still

higher beds, • as it occurs in most cases on the summits of ridges,

and the higher strata have been removed by denudation. In one

instance, however, the grit is found between the Bala and the

fossiliferous Lower Llandovery beds. This is in a section, pre-

viously alluded to, on the railway between Haverfordwest station

and Sholeshook. The diagram section (fig. 5) shows the actual

exposures, and the fault and folds which we consider necessary to

explain the apparent sequence. Between the Sholeshook limestone

and the grit only one isolated exposure is seen, in a lane east of the

railway, having beds lithologically like those of the Slade stage, and
containing fossils which are too imperfect for determination. The
beds between the grit and the station are also somewhat un-
fossiliferous, and though the fossils found, including FJiacojjs mv-
cronatus, Ang. (the form which occurs in the Upper Brachiopod beds

of Sweden, and not the variety of the Sholeshook and Eedhill beds),

seem to indicate the Lower Llandovery age of the beds, the deter-

mination is doubtful. "We can, however, draw no line between

these beds and the very fossiliferous beds of the Gas-works, of true

Lower Llandovery age.

Another point to be noticed is the absence of the conglomerate,

which, however, occurs in connexion with the grit, further east, as

above described. Its absence appears to point to the existence of a

fault, as well as the inversion represented in the diagram. The
relationship of the conglomerate series to the Lower Llandovery

further east is obscure, owing to the paucity of sections. Prom the

nature of the ground, we should expect this series to pass con-

tinuously round from Wiston to Slebech, thus lying between the

Lower Llandovery and the Bala beds which occur further east.

What scanty evidence we have, therefore, certainly points to the

conglomerate series being immediately succeeded by the fossiliferous

Lower Llandovery beds, and this conclusion is supported by the

palseontological evidence ; for the fauna of the Slade beds, thougli

difiering from that of the Lower Llandovery beds, has several forms

in common.
Moreover, the accumulation of the conglomerate series shows

only a slight pause in a period during which beds of similar litho-

Q.J.G.S. No. 163. 2

1
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looical character were being laid down, as the Lower Llandovery

he*ds closely resemble the Slade beds lithologically.

8. Loiuer Llandoverij ^gcZs.—These beds are, as explained above,

apparently faulted against the lower beds in the immediate neigh-

bourhood "of Haverfordwest. They are usually very highly inclined,

and stretch to the south of the town for nearly two miles. The

well-known section at the Gas-works shows the general character of

the rocks, which consist of gritty green shales, with bands of grit,

and weathered calcareous bands crowded with fossils. As the

organisms of this deposit are preserved in many museums, it is un-

necessary to give a full list. Niclulites favus, Petraia suhduplicata

var. crenulata, Tentaculites anglicus, and brachiopods, lamellibranchs,

and gasteropods are all abundant. Amongst the fossils hitherto

unrecorded from these beds are Phacops elegans, Boeck and Sars

r= eIJiptifrons, Esm.), and Deiplion Forhesi, Barr. A fine specimen

of the latter was presented to the Woodwardian Museum by Mr. H.

T. WiUs.

§ 3. Com]Darison with the Deposits of other Areas.

The resemblance of many of our stages to those of other areas,

whether we take into account their lithological or palseontological

characters, is so striking, that it cannot be a mere coincidence,

especially as this resemblance does not occur in isolated stages, but

in the consecutive stages of some of the series. We propose, there-

fore, to point out briefly some of these similarities, as they afford

assistance in attempting the correlation of deposits of different

areas.

i. Lhigula-Flags.—These beds appear, from the occurrence of

Olenus spinulosus, to represent the Lower Dolgelly beds of the

Lingula-Elags of North "Wales, which are correlated by Prof.

Brogger (Sil. Et. 2 and 3, p. 144) with his "Paraholina-spinulosa

niveau " (2 b) in the Christiania district, where that fossil is likewise

associated with Agnostics socialis.

It is desirable, however, that additional species should be obtained

;

for whilst the fossils already procured leave no doubt as to the

Lingula-Elag age of the rocks containing them, it is perhaps

dangerous to attempt to assert positively to what portion of the

Lingula-Elag series they belong, without further evidence.

ii. Didymogra/ptus-Shales.—The " tuning-fork " graptolites of

these beds are characteristic of Dr. Hicks's Llanvirn beds in the St.-

David's district, as elsewhere. As the horizon is so well known in

many places, and coutains this particular type of graptolite, it is

needless to give a list of deposits of the same age in other areas.

iii. Llandeilo Limestone.—The remark just made applies in this

case also. The position of the Asaplius-tyrannus beds is well estab-

lished in South Wales. At the same time it is possible that the

beds included in the Llandeilo limestone of other regions are partly

represented by the lower beds of the succeeding division of the

Haverfordwest district ; for whereas Ogygia Buchii has not been
discovered by us in the limestone, and is apparently not recorded
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from the limestone of this region, it does occur in the graptolite-

shales of the succeeding group.

iv. Dicranograptus-Sliales.— It has already been stated that

several zones must be represented among these beds, and that we
have been unable to work these out in the held, owing to the

absence of exposures continuous throughout the series. That the

beds do represent generall}^ the Glenkiln and lower portions of the

Hartfell groups of Scotland appears probable : but as we have sub-

mitted a large collection of specimens from this horizon to Professor

Lapworth, we leave the fuller determination of the age of the group

to him.

The uppermost bands, which are crowded with Orthis argentea^

may be compared with the Ortliis-argentea zone of Dr. Linnarsson in

Sweden (cf. Lapworth, Geol. Mag. dec. ii. vol. vii. p. 43).

V. Roheston- Wathen Limestone.—The fossils of this limestone are

certainly of Middle Bala facies ; but trilobites are rare, and the

organisms are chiefly corals. The identification of this bed with

parts, at any rate, of the Bala and Coniston limestones receives strong

support from the evidence furnished by the succeeding deposits.

vi. Trinudeus-seticornis Beds.

(a) ShoIeshooJc Limestone Stage.—This is comparable both litho-

logically and palseontologically with the Ehiwlas limestone of Bala,

which must certainly be of different age from the true Bala limestone.

The bed is so peculiar in character, and maintains its appearance

and palseontological characters so uniformly over a wide area, that

it is very easy to identify, and forms therefore a very important

horizon for purposes of comparison. The Ehiwlas cystideans are

similar to those of Sholeshook, and the trilobites are mostly of the

same species. Stauroceplialus is present at Ehiwlas as in Pembroke-
sbire, and associated with it are the following fossils of the Sholes-

hook stage :

—

Ampyx tumidus, Forbes.

Cheiriirus juyenis, Salt.

bimucronatus, Murch.

Triaucleus seticornis, His.

Leptasna tenuicincta, M'Coy.
Cyrtoceras sonax, Salt.

It may be observed that, as Professor Sedgwick made his Upper
Bala series to include the beds above the Bala limestone, this stage

must be taken as the base of that series, and it forms, as observed,

a readily recognized base.

In the Lake-district a bed of quite similar lithological cha-

racter occurs immediately above the Coniston Limestone. Its fauna

has not yet been fully described, but one of us has elsewhere

noticed it (' Sedgwick Essay,' 1882, p. 58). StaurocepJicdus is there

associated with the same cystideans as at Sholeshook, and a large

number of trilobites are common to the two deposits, and do not

occur in the underlying Coniston limestone.

The starfish-bed of Prof. Lapworth (Q. J. G. S. vol. xxxviii.

p. 619) may possibly be the representative of this in the Girvan

area ; it also contains Staurocephalus glohiceps.

In Ireland the same group of fossils appears to occur at Desert-

2l2
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Stygina latifrons, Portl.

Trinucleus seticornis, His.
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creat. Tvrone, judging from an examination of the specimens pre-

served in the Museum of Practical Geology. Amongst the fossils

common to Sholeshook and Desertcreat are :

—

Pliacops Brongniarti, Portl.

Stauroceplialus globiceps, Portl.

Eemopleurides dorso-spinifer, Portl

The absence of cvstideans at Desertcreat is noticeable.

A large number "^of fossils are recorded from this Irish locality,

which seem to show that the representatives of the Eedhill stage

occur there also.

In Sweden the same fauna appears at the same horizon in beds

of precisely similar lithological character. Immediately above the

beds correlated with the Middle Bala series, in Westrogothia, Dr.

Linnarsson's Staurocej^halus-'beds (at the base of the Brachiopod-

schists) contain Staiirocej)7ialus clavifrom, Ang., Proetus hrevifrons,

PJiacojys mucronatiis, Calymene tuberculata, Acidaspis centrina,

Trinucleus WaJilenhergi, Agnostm trinodus, PMllipsia parabola,

and Panderia megalopMudma (Linnarsson, ' Om Yestergotlands

Cambriska och Siluriska Aflagringar,' p. 51).

In Scania also the same bed occurs. Dr. Tullberg (' Skanes Grap-

toliter,' i. p. 17) records in his zone ^ith. Stauroceplialus clavifrons :

—

Stauroeephalus clavifrons, A7ig.

Phacops inucronata, Ang.

Trinucleus Wahlenbergi, Eouaidt.

lUaenus, cf. Salteri, Barr.

Proetus brevifrons, Ang.

Cheirurus. sp.

Ampyx tetragonus, Ang.
Phillipsia parabola, Barr.

Acidaspis, sp.

Calymene Blumenbacbii,
Agnostus trinodus, Salt.

Dentaliiim, sp.

Turbo, sp.

From the general occurrence in this zone of Stauroeephalus globi-

ceps, or a closely aUied species, it may be conveniently spoken of as

the Staurocephalus-zone.

(b) Pedhill Stage.—This stage is lithologically like the Ashgill

shales of the Lake-district, which also immediately overlie the

StaurocepJicdus-zone. In Scotland the " soft blue mudstones,

homogeneous, thick-bedded, and more or less concretionary in

structure," described by Prof. Lapworth as occurring above the

Starfish-bed of Lady Burn, in the Girvan area, seem to be likewise

similar (Q. J. G. S. xxxviii. p. 619).

In Scandinavia the beds with Phacops eucentra, Ang. (a variet}-

of P. mucronatus ?) , which immediately succeed the Stauroceplicdus-

zone in Scania and Westrogothia, have elsewhere (Q. J. G. S. xxxviii.

p. 321) been compared by one of us with the Ashgill Shales of

Britain.

(g) Slade Beds.—These are not precisely like any beds known to

us as occurring about the same horizon in other areas.

In the Lake-district a mottled grey limestone with many
brachiopods occurs immediately above the Ashgill Shales and below
the Birkhill beds in Skelgill Beck. Like the Slade beds, it is

marked by the occurrence of Climacograptus and the absence of

Monograptu^.
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In Scania, Dr. Tullberg (' Skanes Graptoliter,' i. p. 17) finds

above his zone with Phacojps mucronatus (P. eucentra) a zone with

Di^Jograptus and Climacocjraptus scalaris, and marked by an absence

of Monograptiis. This zone he places at the top of the Upper
Cambrian (Sedgwick), and not at the base of the Silurian, where
Prof. Lapworth describes a zone marked by the absence of Mono-
graj^tus, viz. at the base of the Birkhill beds (cf. Lapworth, Q,. J.

G. S. vol. xxxiv. p. 318).

In Westrogothia the gritty beds with Trinucleus at Mosseberg

may represent our Slade beds.

vii. The Conglomerate.—As stated, when describing the apparent

position of these beds, they appear to succeed everywhere the Slade

beds.

If this be their true position, they form a satisfactory base to the

Silui^ian rocks of this area.

We may compare them with the Mullock-Hill conglomerate of

Prof. Lapworth (Q. J. G. S. vol. xxxviii. p. 621), which lies in the

Girvan district directly above the T^rwi«c7«MS-shales, just as the con-

glomerate in the district now described lies above our Trinucleus-

shales.

viii. Loiuer Llandovery Beds.—We have applied this term to

the shelly sandstones immediately south of Haverfordwest town, as

they have been constantly spoken of as Lower Llandovery. If they

do actually succeed the Conglomerate stage, the latter should also be

included in the Lower Llandovery series.

These shelly sandstones are lithologically and palseontologically

similar to two well-known deposits, viz. the Mullock-Hill Sand-
stones of the Girvan district, and stage 5 /3 in the neighbourhood of

Christiania. All these contain Nidulites along with Stricliandinia

and a host of other brachiopods. A comparison of the published

lists will show the practical identity of the faunas {cf. Catalogues

of Palseozoic Possils in the Woodwardian Museum, and that of

Practical Geolog}^, also Kjerulfs ' Yeiviser ').

The upper part of the Brachiopod-beds of Westrogothia has i

similar fauna, and is placed on this horizon by the Scandinavian

geologists.

One of us has in a previous communication (Q. J. G. S. vol.

xxxviii. p. 316) discussed the age of the Lejotceiia-liiiiestone of Mr.
Tornquist, which occurs in Dalecarlia, and has referred it to a posi-

tion above the Lohiferus- and Retiolites-sh.2lQQ of that region. This

was certainly a mistake, due to ignorance of the phenomena pre-

sented by a greatly disturbed region at the time of examination.

Dr. Pr. Schmidt has shown (Q. J. G. S. vol. xxxviii. p. 523)
that the fauna of the stage P of the East Baltic provinces is that of

the Leptcena-luRQ^ioiiQ of Osmundsberg.

The Leptcena-lrmestonQ contains a mixture of faunas of several of

the Haverfordwest beds, viz. :—the Lower Llandovery, Trinucleus-

seticornis beds, and perhaps even of the Robeston-Wathen limestone,

the corals of which also occur in the Leptama-lime^touG.
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§ 4. Conclusion.

We have endeavoured, in this paper, to establish the succession

in the district under consideration. That certain difficulties are not

yet cleared up is admitted. Our inability to discover any section

showing normal Sholeshook limestone resting upon normal Eobeston-

Wathen limestone is unfortunate. In separating these stages from

each other, we are influenced by the lithological and palseontological

differences between the two deposits, and by comparison with

similar beds in other areas. But for this, we should be disposed to

look upon the Kobeston-Wathen limestone as a local development

of the Sholeshook limestone. We may note, however, that there

are many places in the district where one or more of the limestones

can be satisfactorily proved to have been crushed out.

As already explained, also, the relation of the conglomerate to

the succeeding beds requires further study.

These minor difficulties have been encountered when studying

portions of the sequence which are typically developed elsewhere.

As they do not greatly affect our establishment of the sequence in

this area, and as other difficulties would probably arise upon further-

exploration, the announcement of our results might be indefinitely

postponed, and we therefore venture to bring our work before the

Society, in the belief that what we have done will prove sufficient

to furnish a clue to the solution of a very interesting question, viz.

the nature of the foldings which have affected the district.

EXPLANATION OF PLATE XV.

Fig. 1. Geological Sketch-Map of the neighbourhood of Haverfordwest. The^

map, based on that of the Geological Survey, is simply intended as a
sketch-map, shovping the general distribution of the beds ; and the

boundaries in many places are only approximately correct. The-
Eedhill beds and Slade beds have been represented by the same
sign, as vre have not traced the boundary between them oyer the

whole district. The I)icranogra])tus-shales of Grondre and Longford
may extend further east than represented.

2. Section in Quarry south-east of Trefgarn Bridge.

3. Section through Eobeston Wathen.
4. Section in the Lane north of Prendergast Church.

5. Diagram-section along the Railway from Haverfordwest Station to

north of Orundale.

DiscirssioN.

The Peesident expressed his pleasure at seeing that such ad-

mirable work had been done by Cambridge geologists.

Dr. Hicks stated that the Authors had entirely confirmed his

views that the rocks of Eoch Castle and Trefgarn which he had
referred to the Archaean were not, as believed by the Geological

Survey, intrusive rocks penetrating Lower-Silurian strata. The
recognition of the important fact that these are of Pre-Cambrian
age was absolutely necessary before the geology of the area could
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possibly be interpreted. The succession of the rocks in this district

had never been unravelled till the Authors undertook the task.

Prof. HrGHEs remarked on the absence of the evidence of the

occurrence of the Harlech Grits except the basement-bed, of the

Menevian, the Tremadocs, part of the Arenigs, and other forma-

tions. He thought the Hirnant limestone really consists of two
members which are separated by a great break, and the lower of

these only is represented by a limestone in the area described. He
thought it probable that the equivalents of the Upper Conglo-

merates might be found in the Malvern district, and that they form
the base of the Silurian.

Mr. Mark thought that the beds in Trefgarn-Bridge Quarry exhibit

signs of faulting, which may account for the apparent absence of

some of the strata. He thought that a great confusion had arisen as

to the position of the conglomerates at the base of the Silurian.
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36. Gesteeal Section' of tJie Bagshot Steaia from Aldeeshot to

WoETN-GHAiT. Bv the Eev. A. Ietixg, B.Sc, B.A., T.G.S.

(Eead April 15, 1SS5.)

A SEsroEN-CE of some years in the Bagshot distiict of the London
Basin has afforded me opportunities for many observations on the

Bagshot strata which have escaped the notice of previous writers

on the subject. Some of these have been already recorded *. Two
or three years ago I was led to investigate the origin of the green

colouring-matter so prevalent in the ACiddle and Lower Bagshot

strata, and an account of the results arrived at was given in the
* Geological Magazine ' t, the bearing of the facts upon the question

of water-supply being shown to be of some economic importance.

More recently i I have given some results obtained by a further

prosecution of the same line of inquiry, and have stated that they

have led me to regard the Middle and Lower Bagshot strata as,

upon the whole, a series of delta-, marsh-, and ?a(/oon-deposits, such

as are now forming in the alluvial flats at the mouth of many a

large river, but those of the Upper Bagshot as the deposits of a

marine estuary, which covered up and overlapped the Middle and

Lower series, so as to have extended over parts of the London
Clay. This inference from chemical and physical evidence is at

variance with the generally received view as to the physical history

of these strata, the first eminent worker on these beds having

declared that they were conformable to the London Clay §, and the

Geological Survey having mapped the district in accordance vdth

such a supposition.

The main object of this paper is to bring before the Society

stratigraphical evidence on this question. It must be understood

that I make no attempt here to correlate the strata of our Bagshot

district in detail with the corresponding strata of the Hampshii'e

Basin : I use the terms ' Upper,' ' Middle,' and •' Lower,' therefore, as

apphed to the Bagshot strata, in thek natural sense, to mean the

well-marked upper, middle, and lower divisions of the latest Eocene
formation of the district to which it owes its name, regarding this as

a distinct area of deposition in Bagshot times.

La the classification of the Bagshot beds I have included the bed

of loamy sand (So. 4, figs. 1 & 2), which occurs so generally imme-
diately above the green sands and clays, in the Middle Division (as

was done by the Survey) ; the pebble-bed, however, which commonly

* See Proceedings of the Geologists' Association, vol. viii. pp. 143-173.
t See Geol. Mag. dec. ti. vol. s. pp. 404-413.

X Fcrid. dec. iii. vol. ii.

§ See Prestwich, Quart. Journ. Geol. Soc. vol. iii.
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occurs next above it, appears to have been overlooked by the

Surveyors, though it crops out in many places. There is some indi-

cation of considerable contemporaneous erosion in some sections

where the pebble-bed rests upon this loamy bed ; and in the bed

itself thin seams of jpipe-claif generally occur. On this last point, it

would seem, my observations differ from those of the Surveyors *.

Grains of quartz coated with black and green amorphous matter of

vegetable origin are scattered freely in this bed : they are especially

numerous in juxtaposition with the pipe-clay layers.

Detailed Sections.

As these are rather numerous, and are spread over a rather large

area, extending about 13 miles from north to south, it will tend to

simplify matters if we consider these sections in two series :

—

a. Deep-
well sections, giving the whole range of the Bagshot Sands, and in

some cases the London Clay as well ; h. Sections in which only por-

tions of the Bagshot Sands are exposed. We shall find the general

character of the three divisions of the Bagshot strata sufficiently

determined by the evidence afforded by the former series to aid us

considerably in determining the stratigraphical horizons of the

sections of the latter series.

a. Deep-Well Sectiois^s.

(1) Well-section at Wellington College.—The specimens and
measurements of the strata pierced in digging this well were pre-

served with great care. The sectional diagram (fig. 1) has been
reprinted (with additional notes), Avith the courteous permission of the

President and Council of the Geologists' Association, from vol. vi. of

the ' Proceedings ' of that Society. The grouping of the strata agrees

substantially with that adopted by Prof. Prestwich many years agof.

A few supplementary notes, for which there is not sufficient space

on the margin of the diagram, may be useful.

No. 2. This is a quartzose sand, stained with carbonaceous matter

on the grains, with scarcely a trace of iron. The occurrence of this

bed of dirty sand here is exceptional ; this horizon is generally

occupied by a bed of stiff yellow loam, almost a claj^, which passes

up into the yellow sands.

No. 5. This bed was worked for about twenty years in the neigh-

bouring brick-field, and Wellington College was built with bricks

for which it afforded the sole material.

* See Memoirs of the Geological Survey, vol. iv. pp. 329, 330, where the bed
is described as " a bed of ferruginous sand without pipe-clay." The general
outlines of Bagshot stratigraphy are given so fully in that work as to require no
further description here. It has been generally assumed, but, I think, never
proved, that this area of deposition was continuous with that of Hampshire
through Bagshot times.

t Quart. Journ. Geol. Soc. vol. iii. loc. cit. As before intimated, however,
I draw the upper boundary of the Middle Bagshots at a rather higher horizon.
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ITppee BAGSHOT J
(23 feet) 1

MrDDLE Bagshot
(76 feet)

Fig. 1.— Vertical Section of Bagshot Strata disclose d in the Trials

boring for the Deep Well at Wellington College. (Scale 40 feet

= 1 inch.)

285 feet above Ordnance datum-line.

Stirfaee-drift enclosing angular flints (1 foot).

Bnff-coloured sand (Upper Bagshot) (12 feet).

G-rey sand -with, dark olive-green and black grains (10
feet) (rather exceptional at this horizon).

Well-worn pebbles of black flint in sand (1 foot).

Buff-coloured sand and loam (6 feet) (scattered green
and black grains and pipe-clay).

Drab-coloured^ sandy clay (9 feet), in some sections
laminated.

Well-rolled pebbles of black flint in sand (3 feet).

LOWEEsBAGSHOT
(about 120 feet) {

LoKDON Clay,

Green sand, yielding some water at the^ bottom > 31
feet).

Sand^of a dark green tint (Tfeet). Much water.

Fine clay, in part a pure pipe-clay (6 feet).

Continuation of the next above but of darker shade
(14 feet).

Sand (grey ),=with olive-green grains (46 feet). This is

^simply a dirty quartzose sand.

Continuation of the above, with rather more oxidized

iron on the grains (46 feet).

Indurated arenaceous^clay stained with carbon (3 feet).

Blackened marl and clay laminated in its upper

portion (35 feet).

JN'OTE.—To the 23 feet of Upper Bagshot Sands,

shown in this section, we must add another 100 feet

and more for the total thickness of these sands as they

exist at present elsewhere in the district. The neigh-

bouring hills, on which the Cruninal Lunatic Asylum

is situated, reach a height of 400 feet, and the continu-

ation of the beds of the upper portion of this section

beneath those hills is proved in numerous well-sections

in the village of Crowthorne. We must have, there-

fore, a thickness of about 140 feet of Upper Bagshot

Sands preserved in this neighbourhood.
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No. 6. The rapid thinning-out of this pebble-bed was proved two
years ago in an excavation made for a rain-water tank for the

College Laundry. It was only 1| feet thick there. In the neigh-

bouring railway-cutting it has dwindled to a mere layer of pebbles.

No. 8. Small fragments of shells occur in this bed, which occupies

the same horizon as that in which very complete specimens of

Cardita &c. were found last year, in the well at Yateley Green,

described below.

No. 9. The uppermost 6 inches of this bed show the green sand

of the bed above, coarsely mingled with the clay ; the next three

feet consist oipure pipe-clay. Then, for about three feet, the clay

is distinctly laminated and coloured with carbonaceous matter.

No. 10. This is a very homogeneous clay-bed, much stained with

carbonaceous matter.

No. 12. This bed is slightly more loamy than No. 11. The speci-

mens preserved have assumed a somewhat browner tint, as the

result of oxidation during the last 2b years, from the presence of

more iron in the material which coats the grains. The specimens of

these two beds (11 & 12) have precisely the character assumed by the

grey and greenish sands after long exposure to atmospheric oxygen.

No. 13. The clay of this bed is exactly like that of No. 10.

No. 14. The uppermost 25 feet of this bed are strongly lami-

nated ; the remaining 10 feet pierced have more the character of

London Clay than of anything else. Here, then, we seem to find a

'passage of tlie London Clay into the Bagsliot Sands.

(2) Farnhorough Beep Well.—At the southern end of the parish,

a new weU was sunk last year by Messrs. Tilly and Sons for the

District Waterworks. Prom the information furnished to me, and
from inspection of the works, I have constructed the following

section. The elevation of the mouth of the well above O.D. level

is 250 feet.

ft. in.

1. Gravel (mixture of pebbles and suban-

gular flints) of later drift 7
2. Yellow loamy sand 33
3. Yellow sand, yielding water 33
4. Yellow loam 8
5. Greyloam 12
6. Grey sand, yielding water 29
7

.

White-grey sand ,
yielding water 13 6

f 8. Strong brown clay, pebbles at the top ... 9

Middle Bag.ho,3iift.j ^,^^:::,:,,i^:::::z:::z:::::, 'I ?
1^11. Green loam and pebbles 10
12. Green loam and sand 22
13. Green sand yielding water 22
14. Green sand with thin layers of clay...... 3
15. Strong green loam 12
16. Green sand and Avater 3
17. London Clay penetrated to 31

I am greatly indebted to Mr. Whitaker for additional notes made
from examination of the specimens, and his grouping is here
followed.

Upper Bagshot, 128^ ft.

Lower Bagshot, 62 ft.
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(3) Mytchett Place, FHmley.—An interesting section was obtained

here about three years ago, particulars of which were furnished to

me by the engineer engaged in making the trial-boring, Mr. Eggar,

of Gower Street. Some specimens were preserved by the proprietor,

J. G. Murray, Esq., who has courteously given me every facility for

investigation of the matter. The following was taken from the

coloured diagrams and measurements in possession of Mr. Eggar :

—

Site 250 feet above O.D. level.

1. White sand to 53
2. Loamy sand to 65
3. Light gi'een sand to 67
4. Dark green sand to 93
5. Light gi-een sharp sand ... to 180
6. Light green and sharp

sand, ' 'R-ith shells," &c. ... to 195
7. Blue clay, with smooth

pebbles to 228
8. Green loamy sand to 230
9. Blue clay with pebbles ... to 234

10. Blue clay to 245
11. Dark green sand and clay, to 262
12. Dark green sand without

clay to 285
13. Brown sand, marl, and

clay to 308
14. Very fine sharp sand to 330

Upper B., 65 ft.

Middle B., 28 ft.

Lower B., 102 ft.

Total of Bagshot
Sands 195 feet.

London Clay, 67 feet (?).

o;

{EeadingBeds f?) 68 feet.

At this depth the tubes gave way in the " fine sharp sand," and
the boring was abandoned. The few specimens preserved are from
the last four of the above beds, and afford ambiguous evidence.

One or two remarks, based on a comparison of the deep-weU
sections just described, are called for here, (i) There is in aU of

them a general agreement (with difference in details) of the cha-

racter of the strata of the three several divisions of the Bagshot

Series, (ii) There is an absence of all record of pebble-beds in the

Lower Bagshot. (iii) The Lower Bagshot beds are, in all the sec-

tions, characterized by the predominance of quartz-sand, coloured

green and grey by the presence of organic matter of vegetable

origin, (iv) There is an absence of any record of seams of pipe-clay,

which are met with frequently in beds of the Middle Division (cf.

fig. 1 and notes) ; and the comparative richness in clay-beds of the

Middle Division distinguishes it from the Lower Division. It is of

importance to note these characteristics of the Lower Sands in sec-

tions where the order of superposition (as in those just described) is

as certain as anything can be.

h. Sections in which only portions of the Bagshot Seeies

ARE EXPOSED.

1. Railway-cuttings at Wellington College Station.—In the inter-

pretation of the sections exposed in the two cuttings at this spot, one

i
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to the north, the other to the south of the station, I am compelled

to differ somewhat from that which has been given to them in a paper

by Mr. Monckton lately published *. The upper pebble-bed, north

of the station, has been overlooked. The beds of the cutting to the

north of the station are represented as passing, with a southerly

dip, under the beds exposed in the cutting to the south of the sta-

tion. This, however, would give to the Middle Eagshot series a

much greater thickness than they are found to have in any known
section in this district. At the northern end of the northernmost

of the two cuttings nearly the wkole of the Middle series is exposed
;

the sequence of the beds and their several thicknesses (except that

of the lowest clay-bed, which is only exposed at the bottom of the

valley to the north) correspond with the sequence and thicknesses

of the beds (Xos. 3-9) in the well-section (fig. 1). Mr. Monckton,
in the paper just referred to, has stated that the thickness of the

beds of green sand (E. p. 350, he. cit.) is not shown; yet I

have been able to measure it, and find it to correspond very nearly

with that of the beds of precisely the same character (Nos. 7, 8) in

fig. 1. He has also stated that in the cutting to the north of the

station the beds are "brought into the cutting by a fall of the line."

Having taken observations with a spirit-level all along the cutting,

I am unable to verify the statement, and the " fall " here referred to

seems to be unknown to the plate- layers employed on that part of

the line.

In the cutting to the south of the station, only the beds Nos. 3-5
of fig. 1 are exposed. The clay-bed of the northern cutting passes

under the station, and comes up again in the southern cutting,

rolling over to form a slight anticline, as we proceed south, until it

again disappears near the bridge, about half a mile to the south of

the station. The sequence, character, and thickness of the beds

are the same as in the northern cutting, except that the green sand

(No. 7) is not exposed. The upper pebble-bed occurs in precisely

the same position, and its identity with the bed No. 3 of fig. 1 has

been directly proved, within the last two years, by the deep trench

made for the new main sewer of the College, the bed of well-rolled

flint-pebbles imbedded in a stiff loam having been exposed continu-

ously from the railway-cutting right up to the College, a distance

of nearly half a mile. The facts furnished by this section will be

best understood by reference to the accompanying diagram (fig. 2).

At and immediately about the station the pebble-bed (jSTo. 3)
appears to have been much attenuated, and to have been recon-

structed as later drift, the pebbles being mingled with a few angular

discoloured fragments of flint, such as form the chief ingredient of

the later drift-gravels of the higher parts of the country. In the

cuttings, however, both to the north and to the south of the station,

the original Bagshot pebble-bed has remained intact. On account of

the water-logged condition of the beds in this syncline, piles had to

be driven to get a foundation for the station.

To the east of the railway, in the brick-field, and in the arable land

^ Quart. Journ. Geol. Soc. vol. xxxix. p. 351.
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immediately to the south of it the pebble-bed, intermingled with a

few snbangular fragments of the later drift, and probably somewhat
reconstructed, is exposed at the surface, many of the pebbles being

very large (4 to 6 inches in length). A little further south, at the

College Pig Farm, the same bed was found intact, with a thickness

of about 3 feet, so recently as last year, and worked for gravel.

The bed there was simply a mass of rounded flint-pebbles imbedded
in sand. On the west of the railway, to the south of Amburrow
Hill, it has been again exposed in excavations recently made for

building-purposes, and it is well exposed in the grounds of Sand-
hurst Lodge, the residence W. J. Farrer, Esq., F.G.S.

The height above O.D. level of the Middle Bagshots at the

Wellington well-section will be seen from an inspection of fig. 1.

The upper pebble-bed, for example (no. 3), is there found at a

height of about 260 feet; and in the sections just described its

height ranges (owing to dip) from about that height to 250 feet.

These observations as to altitudes, it may be remarked, are taken

(as are all the heights mentioned in this paper) from the Ordnance
Map of the district, constructed on the scale of 6 inches to the mile.

2. Wellington College Lakes.—The 250 feet contour-line passes

along the margin of the lowermost of these lakes, which have been
formed by simply damming up the natural drainage of the valley

;

and the same line passes close to the railway-station. Last year an
extensive excavation for the new swimming-basin exposed the

pebble-bed just below the level of the water, at a height above O.D.

level of 250 feet. Below this (which was of the same character as

is exhibited by it in the railway-cutting to the north of the station)

there was exposed from six to eight feet of yellow loam ; and beneath

this again the green clayey bed is exposed in the open water-course

by which the lake may be drained. There is no difficulty in

identifying the beds here exposed with those of Nos. 3, 4, and
5 of figs. 1, 2 ; and the continuity of the green loamy sand bed
between these two places has been proved in recent excavations.

On both sides of the lake a stiff yellow loam (almost, in fact, a clay)

occurs above the pebble-bed (J^o. 3), as it commonly does at the base

of the Upper Bagshots above the pebbles (c/. ante),

3. Torh Toiun and Camherley.—Here some extensive drainage-

works have been constructed during the last two years. The main
sewer follows the turnpike road. It commences where the road

passes over the shoulder of the Obelisk Hill, at a height of some
§20 feet. As the excavation descended the hill, it exposed nothing

but the usual buff-yellow sands of the Upper Bagshots, until the

altitude of about 260 feet was reached. At this level the sands were
found passing down into the usual yellow clayey bed, and bcDeath
this a bed of flint pebbles was passed through. Below these pebbles

a yellow loamy sand was passed through till the level of 247 feet

was reached, when this passed into a green bed of clay and sand, of

about ten feet in thickness. Below this the excavation was con-

tinued in loose green sand, the bottom of which was not reached.

The correspondence in thicknesses and altitudes of the beds here
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exposed with the same sequence of beds shown three miles off at

"Wellington College (figs. 1, 2) is remarkable.

4. Yateley Green.—A well, eighteen feet in depth, has been
lately sunk here at the residence of the Misses Eidley. This well is

entirely in the thick middle green sands of the Middle Bagshots.
Nothing but green sand was passed through, of the same character

as that of the beds Nos. 7 and 8 in figs. 1 and 2, and the water-
bearing horizon at the base of these green sands was reached.

There was a great " find " here of Middle Bagshot fossils of

Bracklesham age, which Prof. Prestwich has pronounced to be the

most perfect forms he has yet seen from the Bagshot beds of the

London Basin. They include very well-preserved specimens of

Carclita planicosta (in great numbers), Ostreaflabellula, Natica am-
bulacra, and a fish-vertebra, probably of the genus Otodus.

The height of the beds here exposed corresponds almost to a foot

with the height of the same beds in the College well-section (fig. 1).

5. Farnborough.—A very good section of the buff-yellow Upper
Bagshot Sands is shown in the cutting of the main line of the

S.W. Eailway to the east of the station, and is continued in the hill

above, where these sands have been lately exposed by an excavation

for the crypt of the Imperial Mausoleum just erected on the summit
of the hill. The base of the upper division is not exposed. In
the excavation for the crypt, the sand was found to be washed
almost to a clean white sand, and partly indurated near the surface,

the depth of the sand of this character increasing as the hill was
descended. This I attribute merely to the solvent action of the

humus-acids furnished to the rain-water as it percolated through

the sand having dissolved out the iron as neutral soluble salts, the

iron being afterwards precipitated by oxidation when the water was
thrown out by springs at lower horizons. This process may still be

observed in numerous streams in the Bagshot country. Masses of

sand more than usually ferruginous were met with here, as in other

sections in the Upper Sands ; and in some of these casts of shells

were found, including one of PanopcEa intermedia, a species figured

in Dixon's ' Geology of Sussex ' as belonging to the Bognor Sands.

The height of this hill is 285 feet above O.D. level, and from 70 to

80 feet of strata are exposed down to the level of the line.

At Farnborough Eectory, a quarter of a mile to the south (250

feet above O.D.), a well dug last year reached the clay at the base

of the Upper Bagshot at a depth of 46 feet.

6. Aldershot.—The mass of Upper Bagshot mapped by the

Survey east of the South Camp is known as Thorn Hill (400 feet

high). A sand-pit on the southern face of this hill exposes true

Upper Sands, and shows the correctness of the map here. At 350

feet above O.D. level the true Bagshot Pebble-bed is seen cropping

out between this hill and Cambridge Hospital, and restmg upon a

yellow and brown loam with seams of pipe- clay. West of the

hospital, at the same level, the Pebble-bed is three feet thick,

where it caps the escarpment; it dips to the north, conformably

with the underlying bed of brown and yellow loam. A little further
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west a very marh' bed, "svith many pipe-clay laminoe, is seen in a

road-cutting dipping 2'''5 north ; below this is a more sandy bed

with numerous green grains.

Crossing over to the south side of the town, a good section, opened

in the last two or three years, is met with in the brickyard

between the reservoir on the hill and the station. Here a brown
and yellow loam, well stratified, with numerous seams of pipe-clay

(some of them several inches in thickness), corresponding in cha-

racter with that which underlies the pebble-bed on the northern

side of the town, is seen with a dip of 2° souths with a layer of

indurated ironstone at the bottom, lying upon an eroded surface of

London Clay, which is now here worked extensively for bricks, and
is therefore seen in good fresh sections. Prom its position and
character I regard this loamy bed with its subordinated seams of

pipe-clay and green grains as the loamy bed l^o. 4 of figs. 1 and 2
developed in somewhat larger proportions on this southern side of

the Eagshot area.

A similar loamy bed is exposed in the cutting at the foot of

Eedan Hill, which is penetrated by a short tunnel a short distance

-

east of the station. Along the top of this bed of loam I found
perfectly rounded flint pebbles (some of large size) imbedded in a

stiff loam ; and above this line of pebbles buff-yellow sands are

exposed for about fifty feet vertical. The pebble-bed here and the

sands above appear to dip to the east; but that the true dip is a

good deal to the south of east is indicated by the occurrence of the

line of pebbles at a level some 15 feet lower in a well-section in

the cemetery to the south-east of the cutting.

I got hold of a well-digger named Lynch, who has been engaged

in the digging of a good many wells (several of them being deep) in

and about Aldershot, and took him to look at the exposures of the

loamy bed, pointing out to him its characteristics. He assured me
that the same kind of " loamy sand " was invariably met with

before passing into the " blue clay " in all the wells of which he

had any knowledge, and the indurated ironstone band was generally

present at its base. From the depth he gave me of the surface of

the " blue clay " in several wells, the Eagshot Sands evidently lie

here unconformably against London Clay ; and we have seen above

that in one section at Aldershot (that in the brickyard) there are

good reasons for regarding the bed seen lying immediately upon the

eroded London Clay as the uppermost bed of the Middle Eagshot.

Eedan Hill, though mapped as Lower, must be regarded, I think,

in the face of the above evidence, as Uj^per Eagshot.

The accompanying sectional diagram (fig. 3) has been constructed

from the evidence here given.

6«. Ccesar's Camp, Aldershot.—The Middle Eagshot green sands

are exposed in a section at the rifle-butts at the foot of the

northern escarpment of this hill at the height of about 350 feet.

This gives us more than 200 feet as the thickness of the Upper
Sands in this hill and Eeacon Hill, which are 600 feet high.

Mottled clay, which it would be difficult to regard as anything else

Q. J. G. S. No. 163. 2 M
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Fig. 3.

—

Section across the Valley of Aldershot Toiun.

(Greatlv exaggerated vertically.)

8.
"

X.
Aldershot Town Cambridge Thorn Hill.

Eed Hill. and Station. Hospital.

1. Diift graxel, chiefly of subangular discoloured flint lying on a deeply eroded
surface of

2. Upper Bagshot Sands, with predominant colour buff-yellow.

3. Bed of well-rounded flint pebbles.

4. Yellow and brown Icam and loamy sand, with numerous layers of pipe-

clay, occasionally several inches in thickuess.

L.C. London Clay. Occasional flint pebbles and shark's teeth are met with in

the clay -pits in the neighbouring brick-fields.

than reconstructed clay of the Eeading Beds, is present here in a

considerable mass several feet in thickness, intercalated with the

green sands. Above the rifle-butts a section of the Upper Sands

shows a dip of 2"^ south ; and in a section on the southern side of

the hill I measured a dip of 8° south. The hill-cap also slopes

about 2° to the south. The Middle Bagshot beds exposed at the

rifle-butts pass not only through Caesar's Camp, but through Hungry
Hill also, which has somehow got mapped as Loiuer Bagshot. This

hill is 550 feet bigh, the sections about its upper part, down to

about 350 feet, show Upper Bagshot Sands like those of the upper

200 feet of Caesar's Camp, and springs come out at about 350 feet

level. At about this level, on the southern slope of Hungry Hill,

in the village of Upper Hale, the water-bearing horizon at the base

of the Upper Sands is proved in two wells, one of which begins at a

height of about 450 feet and is 114 feet deep, while the other

begins at a height of 400 feet or so and is bQ feet deep. This

information was given me by the man who was engaged in digging

them. A little way further down the hiR the " blue clay " was
penetrated at a depth of about 2o feet. These facts do not

harmonize with the details of fig. 89, p. 376 of the Survey Memoir,

and they are still more discordant with the mapping, which repre-

sents the Middle Bagshot beds as cropping out on the eastern flank

of Caesar's Camp, where a drift-clay deposit lies upon the slope of

the hill ; it is to be seen at the rifle-butt filling an eroded hoUow
in the Middle Bagshot beds, which are as nearly as possible hori-

zontal, instead of lying at a high angle, as the mapping would
require. This clay is as unstratified as any Boulder-clay, and

bricks were made from it rather more than 20 years ago at a height
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of about 500 feet. In the wells mentioned on the southern slope of

Hungrj' Hill nothing but buff-yellow sand, occasionally more
deeply stained with oxide of iron, was met with, and the water-

bearing stratum was described to me as a " stiff yellow loam."

Prom the facts just mentioned it would appear that beds high up
in the Bagshot Series rest against the London Clay in these hills.

7. Valley north of Wellington College Station (comp. fig. 2).—

-

Turning to the geological map, we find the northern boundary of the

Middle Bagshot drawn along this valley ; but there are reasons for

doubting the correctness of this delimitation, and for regarding the

beds on the north side of this valley as a repetition of the beds of the

Middle Division exposed ou the south side of it, though they are

obscured by a considerable accumulation of drift on the north side.

The facts are as follows :

—

(1) The Clay-bed (J^o. 9) is reached in the valley at a higher

level than the bottom of the valley This position of the clay is re-

presented in fig. 2.

(2) A little further to the west, where the old Roman road

known as the Devil's Highway crosses the highroad to Wokingham,
a well has been recently dug to a depth of 38 feet. The mouth of

this well is about 240 feet above O.D., and therefore about 10 feet

lower than the uppermost limit of the green-sand beds (Jlo. 7 of

figs. 1 and 2) exposed at the northern end of the cutting. Making
allowance for the decoloration of the upper portion of the green

sand in this well-section by the action of oxj^genated rain-water,

there is a striking correspondence in the sands pierced by this well

and the sands (^os. 7 and 8 of fig. 2) which crop out on the

opposite side of the valley ; the green staining of the sand increased

in intensity with the depth of the well ; lignite in a fragmentary

state abounded in it, especially in the lower portion; and at the

bottom of the well laminated clay was found, \i\e that of bed ISTo. 9

in figs 1 and 2.

(3) In the shallow cuttings of the railway, both north and south

of the Xine-mile Ride, the bed exposed agrees in character with
the bed No. 4 in fig. 2, and upon it a pebble-bed is found to rest

(especially weU. seen in an old ballast-pit adjoining the railway), as

the pebble-bed No. 3 does in the section represented in fig. 2. The
pebble-bed at this spot is about 210 feet above O.D level.

(4) The brook-section west of the railway (though obscured very
much by peat-deposits) shows here and there clay similar to that

found in the bed No. 5 of fig. 2, at a height of 200 feet.

(5) Yery near to this, an extensive lake-excavation, recently

made, was chiefly in a loamy sand, reaching a laminated and green
bed at its deepest part, at levels corresponding with those just

described (3, 4).

(6) Half a mile to the west a hill in the midst of the pine-woods
has been excavated for rifle-targets at about 210 feet above O.D.
Loamy sands, with seams of pipe-clay, are exposed here with a dip

of nearly 5° to the north.

(7) A third of a mile to the west of the rifle-range on the north
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slope of Upwick's Hill a clay-bed -with, intercalated layers of green

sand is exposed in a clay-pit on the 250 feet contour-line. This

agrees in character with the bed Xo. 5 (fig. 2). Above it is a loamy
bed stained green, as the bed Xo. 4 is occasionally, where, when
the contour of the country was somewhat different, it may have
underlain for a long time a marshy deposit. Some 20 or 30 feet

below this, a light-coloured clay, which resembles very closely the

lower clay of the ]Middie Division (jS"os. 9 and 10), is extensively

worked for bricks in Mr. Walter's brickyards. This I am now
disposed (after examining the evidence more closely) to regard as

belonging to that horizon, even though the sandy beds exposed

immediately above it in the same section are not green, the green

colour having been probably changed to a rusty brown by recent

oxidation.

8. Road-section ^-mile north of Wellinf/ton College.—The new
road to AYokingham crosses here the same line of valley (7) as that

which the railway crosses north of the station.

The slight anticlinal arrangement of the Middle Bagshot beds

(Nos. 4, 5, 7, figs. 1 and 2) is shown here more plainly. The over-

lying pebble-bed (jS'o. 3) is found on both sides of the valley, and

the beds jS^os. 4 and 5 are well exposed in the road-cuttings on

either side. The clay-bed (No. 9) appears low down the valley and

is seen by the side of the ditch. Halfway between these two sec-

tions the bed Xo. 5 was worked near Clark's cottage for bricks about

fifteen years ago.

9. Wokingham.—On the map this town is represented as lying on

an outlier of Lower Bagshot Sand (i. 4). This, however, admits of

question, since the sands, wherever exposed or penetrated in the

numerous wells (from 20 to 30 feet deep) in the town, are buff'-yellow

sands like those of the Upper Division. There is a section exposed on

the South-western Eailway, where the footpath crosses the line be-

tween the town and Tangleys. The beds exposed here consist of sand

and light loam with thin layers of pipe-clay, and are more like the

bed at the top of the Middle Division (No. 4, fig. 2) exposed in the

railway-section at Wellington-College station, than anything else

with which I am acquainted in the Bagshot Series. The height

here is 200 fe^t, and the London Clay is met with about 4 feet

below the line, while a little further down the valley to the west

the Wokingham Town well* commences in the London Clay itself.

The beds exposed in this cutting are horizontal in an east-and-west

direction ; but from the absence of good exposures on the northern

slope of the cutting, it is impossible to say if there is any dip in a

north-and-south direction. One or two thin lines of pebbles occur

in this section, and upon the sands just described a bed of pebbles

(cut through in places by later drift) is to be seen. Wot far from

this cutting the London Clay is worked in Mr. Churchman's brick-

yard, and there the buff'-yellow sands of the hill-cap are seen filling

the hollows of the eroded surface of the London Clay.

* Described by Prof. T. Eupert Jones, F.E.S., in the Geo!. Mag. dec. ii.

vol. vii. p. 421, &c.
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At St. Paul's rector}' two wells were dug a few years ago by my
friend the E-ev. J. T. Brown. Commencing at about the same level

with both wells, which are only a few yards distant from one

another, in one well 25 feet of butf-yellow sand was passed through,

and then a copious su]3ply of good water was obtained at the top of

the London Clay ; in the other a mere layer of yellow sand was
passed through, when the " blue clay " was pierced and penetrated

to a depth of 135 feet. This fact seems to admit of no other

explanation than pronounced erosion of the Loudon-Clay surface

beneath the Bagshot Sands of the Wokingham outlier.

Just north of Wokingham station there is another exposure of

Bagshot Sands, which agree in character with the loamy sands of

the bed jS'o. 4 of figs. 1 and 2, to which reference has been so often

made. The sands are exposed just below St. Paul's church. Im-
mediately to the north of the bridge over the railway, the London
Clay with septarian nodules comes in at the bottom of the cutting,

and rises as we advance northward along the cutting until the

overlying sands disappear. Yet the stratification of both the Bag-
shot Sands and the London Clay is horizontal, as proved for the

former in the section below the church, for the latter in Mr. Phillips's

brickyard just below. Here, then, we have a case of the Bagshot

Sands (whatever particular horizon they may occupy in the Bagshot

Series) deposited against a denuded shelving shore of the London
Clay, unless we assume the presence of a fault hading at a very low
angle. This is more clearly expressed in the adjoining diagram

(fig. 4).

Pig. 4.

—

Section in Cutting north of Wohingham Station.

.S. S".

a, Bagshot Sand. b. London Olay-

10, Bracknell.—Bracknell station (on the South-western Railway)

is 250 feet above O.D. level. In the long cutting east of this station

beds of the Middle and L^pper Bagshot Sands are exposed.

ft.

£?. Buff-yellow sands 10-15

c. Bed of flint pebbles imbedded in sand 1

b. Yellow loamy sand 6

a. Dark black and green clay (exposed) 4

The lowest bed {a) here exposed gave much trouble in making

the cutting. Being water-logged, it caused numerous " slips," so

that rushes had to be planted along the bottoms of the cutting-

slopes to give them security. The altitude of the pebble-bed at

this spot is -260 feet, which agrees with the altitude of a massive
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pebble-bed at Easthampstead church, about a mile to the south,

and with that of the pebble-bed of the sections already described

at Wellington-College station and at Camberlej- , as well as with that

of the pebble-bed at the top of the Middle Bagshots exposed in the

cuttings on the new line between Ascot and Bagshot *.

At the top of the Bracknell cutting iiint-pebbles come in again

in great force, the original bed having been, it would appear,

reconstructed. I saw them again in great quantity, without

observing a single angular fragment of flint among them, in a garden

close by Bracknell church ; and at Wick Hill, half a mile further to

the north, they are seen lying upon yellow loamy sand, and filling

up the hollows of its eroded surface to a depth of three feet, at an
altitude of about 285 feet. I could find no evidence to indicate a

southward dip in the strata hereabouts, and there is certainly none
in the railway-cutting. Moreover, on the slope of Wick Hill a

feebler pebble-bed is exposed in the ditch, a few feet only above the

London Clay, agreeing in character and position with that exposed

in the railway-cutting (c). There are clearly, therefore, two pebble-

beds at Bracknell. That we have good reason for regarding them both

as^belonging to the Tipper Division of the Bagshot series, I think I

may claim to have shown, though these Bracknell beds are mapped
as Lower Bagshot (^. 4).

General Conclltsions.

By the evidence given in the preceding sections, I think some

new light is thrown upon the physical history of the Bagshot strata

of the London Basin.

1. We have succeeded in tracing pretty clearly the horizon of the

Middle Bagshot strata and the base of the Lpper Bagshot across

nearly the whole of the country from Aldershot to Wokingham, a

distance of about 13 miles.

2. While in the deep-well sections the order of superposition is

clear, and the Lower Bagshot Sands of those sections are charac-

terized by the great predominance of green sand, or sand coloured

by amorphous matter of vegetable origin, we fail to find such sands

along the northern and southern margins of the area.

3. A passage from London Clay into Lower Bagshot Sands seems

pretty clear in the deep-well section at Wellington College, and may
exist in the other deep-well sections ; but in the sections described

in this paper on the north and south there appears to be no such

passage. On the other hand, both on the northern and southern

margins higher members of the series than the Lower Bagshot are

found lying in close proximity to the London Clay, evidence of

unconformity being furnished in several of the sections.

4. The Bagshot strata, as a whole, do not lie in a synclinal curve,

though a true synclinal arrangement prevails in the southern half

of the region, which may perhaps be fitly termed the Farnborough

Syncline.

* Vide Monckton, Quart. Journ. Geol. See. loc. eit.
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The base of the Upper Bagshot, for example, is found at the respec-

tive altitudes of 350 feet at Aldershot, about 130 feet at Parnborough
and Mytchett, 250 to 260 feet at Camberley and about Welling-

ton College, and again about 260 feet at Bracknell. There must
therefore have been earth-movements accompanied by alterations of

level since the Bagshot strata were deposited, as if caused by lateral

pressure acting in a north-and-south direction. Such movements
may have been synchronous with the greater movement which
produced the Isle-of-Wight anticline, and placed the whole Bagshot
Series at a high angle of inclination along the north side of its axis.

In the greater elevation of the Bagshot horizons at Aldershot,

there seems to be some indication of an additional elevation of the

line of the Hog's Back, and therefore probably of the Wealden
anticline, after the Bagshot Strata of the London Basin were
deposited.

5. The great thickness of the Lower Bagshot Sands in the deep-

well sections, taken together with their passage downwards into

the London Clay, their diminution in thickness southwards, and
the apparent absence of them, in the sections described, along the

northern and southern margins of the district, are good reasons

for believing that previous to the deposition of the Lower Bagshot
Strata the London Clay was thrown into a slight syncline, and
suffered a considerable amount of denudation during Bagshot times,

both on the northern and southern sides of the area ; a strong case

for the overlap of the Upper Bagshot Sands seems thus to be made
out.

6. This last conclusion seems to be borne out by a comparison of

some ascertained thicknesses of the London Clay itself.

(a) At W^okingham this has lately been proved to be only about
270 feet. In the well for the W^okingham District waterworks, of

which a complete section has been recorded by Prof. Rupert Jones *,

the boring commenced in the Loudon Clay and passed through
263 feet of that formation ; and the Bagshot Sands rest upon the

London Clay near by, at a level only a few feet above the mouth of

the well.

(6) In the Wellington-College well, the Chalk is said to have
been reached at about 650 feet. Deducting from this rather more
than 200 feet of Bagshot Strata (c/. jSg. 1), we have over 400 feet

for the vertical range of the London Clay and the Eeading beds.

(c) Quite recently the Chalk has been reached at Brook\^'ood, as

I am informed by Mr. Thomas Tilly, of 15 Walbrook, at a depth of

640 feet from the surface. This gives us over 400 feet for the

thickness of the London Clay at this spot.

(d) At Aldershot the thickness of the London Clay was proved a

few years ago, in the Aldershot town well, to be 120 feet. The
mouth of this well, which begins in London Clay, is 250 feet above
O.D. level, and the Bagshot Sands are seen resting upon the London
Clay at a level not much more than 50 feet higher, so that the thick-

''^ Geo]. Mag. dec. ii. vol Tii. p. 421
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ness of the London Clay beneath Aldershot may be estimated at less

than 200 feet.

7. A comparison of the sections described in this paper shows
that at one horizon (the base of the Lower Bagshots) the beds of

flint pebbles are far more widely distributed than at any other

horizon. Whether these pebbles are fragments of flint worn by
the rolling of a tidal surf and derived immediately from the denuda-
tion of the Chalk, or were first imbedded in the Eeading beds and
the basement-bed of the London Clay, and supplied to the Bagshot
Strata by the denudation of those portions of the Lower London
Tertiaries which became more generally exposed to denuding agencies

at the incoming of the period marked by the Upper Eagshot Sands,

the Bagshot sea must in either case have had access to. older for-

mations ; and this could hardly happen without unconformity *.

I attach great weight to the evidence afforded by the wide range of

the pebble-bed at the base of the Upper Bagshot Sands, as showing
at that stage a much greater extension of the area occupied by
marine waters, and the consequent overlap of the Upper Sands ; and
this is borne out by the numerous casts of diminutive forms of a

saltwater fauna t (such as we should find in a shallow sandy estuary

open to the sea) which are met with in the buff-yellow sands of the

Upper Bagshot, at horizons not far above the pebble-bed at the base.

This cumulative evidence seems to show that at the incoming of

Upper Bagshot times extensive denudation of the Eeading beds and

the base of the London Clay was going- on ; and this view is borne

out by the appearance of mottled clays intercalated with the green

sands at the foot of Caesar's Camp near Aldershot, which has been

already mentioned.

Purther to the west, along the south side of the valley of the

Kennet, there is strong evidence of unconformity. Sections are

mentioned in the memoir J where loamy sands with overlying

pebble-beds (which agree in character more with the upper bed of

the Middle Bagshot and the overlying pebble-bed of the sections

described in this paper than with anything we know of in beds of

undoubted Lower Bagshot age) rest upon the London Clay within

a few feet only of its basement-bed. In one section these loamy

Bagshot Sands are said to rest immediately upon the London Clay

basement-bed, and in another to overlap even this and to rest

immediately upon the Chalk.

The difficulty in the way of the theory suggested in this paper,

arising from the presence of marine shells (e. g. at Yateley) in the

Middle Bagshot beds, may be perhaps removed if we recollect that

(1) they occur very locally
; (2) they are, as a rule, much broken,

•worn, and even comminuted
; (3) they appear to be confined to the

coarser sediments of the Middle Bagshot beds. Such results might

* This was pointed out by Mr. Whitaker when this paper was discussed at

the Society's Meeting.

t Comp. Monckton, loc. cit.

\ Geological Survey Memoirs, vol. iv. pp. 178, 179.



BAGSHOT STRATA FROM ALDERSHOT TO WOKINGHAM. 509

easily-^follow from occasional and local intrusions of the sea (perhaps

at unusually high tides), owing to the shifting nature of the land-

barriers which are formed and removed from time to time at the

sea-margin of a delta.

Discussion.

Prof. Prestwich, while admitting some of the facts recorded

in the paper, could not agree with the Author in some of his con-

clusions drawn from those facts. The variations in thickness of the

London Clay were no proof of actual unconformity. His many deep-

well sections were, he thought, of much interest. At the time he had
himself studied the country, the district was a wilderness, and there

was only one well-section into the Chalk in the district. He did

not attach the same importance to the minute subdivision of the

Bagshot beds which the Author did. He did not think sufficient

allowance had been made for local variations in the divisions of

such beds as the Bagshot series.

Prof. Efpert Jones thought, with the Author, that the

pebble-beds marked the lapse of considerable intervals of time.

He thought that the variations in the thickness of the London Clay

were very interesting ; but the persistence of the Woolwich Beds
showed that the flexure of the strata took place after the deposition

of the Bagshots. He had seen an apparent unconformity between
the Bagshots and the London Clay at Bracknell.

Mr. Whitaker stated that when the geological map of the dis-

trict was made by his colleagues very few sections existed. He
thought that the pebble-beds were of importance, though not

persistent. Mr. Polwhele trusted rather to the green bed than to

the pebble-beds as his guide in mapping the Middle Bagshot. The
occurrence of pebble-beds composed entirely of Chalk-flints was a

proof of the existence of an unconformity somewhere, as they

showed that the sea of the period must have reached the Chalk. He
had pointed out the likelihood of this having occurred in the far

west of the London Basin.

Mr. MoNCKTON entirely disagreed with the interpretation of the

sections by the Author. He regarded well-sections with the very

greatest suspicion. He considered the green sand the type of the

Middle Bagshot. He agreed with Mr. Whitaker that the Author
had confused pebble-beds on dijfferent horizons, some near the top

of the Middle and others in the Lower Bagshots. He thought the

sands and pebble-beds of the Lower Bagshot were always clearly

distinguishable from those of the Upper Bagshot.

The Author admitted that pebble-beds alone did not define

horizons, and he had not referred to them in this way except where
the sequence of beds above and below them was undoubtedly clear.

He had endeavoured in the paper to explain the remarkable persist-

ence of that which occurs at the base of the Upper Bagshot sands,

a J. G. S. No. 163. 2 N
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and the conditions indicated by it and its position. The previous

speakers had overlooked the fact that the Lower Sands, when near

the surface, were only the dirty green sands of the deeper well-

sections, cleaned from carbonaceous matter by the action of oxygen-

ated water, delta- conditions characterizing both the Middle and
Lower series. The horizon of the pebble-beds at Bracknell was
very clear, the evidence of this being given in the paper. In the

section near Ash mentioned by Mr. Monckton the northward dip

of the Lower Bagshots corresponded with the northern dip of the

small anticlinal at Aldershot; and a comparison of the two sections

seemed to afford further proof of the pre-Bagshot erosion of the

London Clay. He regarded the whole evidence as pointing to the

partial formation of the present London-Clay syncline and to

considerable denudation before the deposition of the Bagshot beds.
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37. On the so-called Diokite of Little Knott (Cumberland), ivith

further remarJcs on the Occtjreence of Picrites in Wales. By

Professor T. G. Bonnet, D.Sc, LL.D., P.E.S., Pres. G.S.,

Pellow of St. John's College, Cambridge. (Read May 27,

1885.)
[Plate XYI.]

In my second note * on the hornblende-picrite boulders which are

scattered over the neighbourhood of Ty Croes, Anglesey, I briefly

noticed a similar rock which occurs in situ at Little Knott in the

Lake District, and has been described by the late Mr. Clifton Ward
as an exceptional variety of diorite. In the spring of last year I

was enabled to visit this district, and had the advantage of the com-

pany of Mr. J. Postlethwaite of Keswick, whose local knowledge

was of great assistance to me. Little Knott is a slight prominence or

shoidder on the crest of Long Side, a spur from the main mass of

Skiddaw, where the former begins to fall more sharply down to the

lowlands on the north. The picrite is represented on the six-inch

map of the Geological Survey as an elongated dyke-like mass, running

nearly E. and W. for about 650 yards, and generally about 40 yards

wide, the outcrop of which extends from Little Knott across a ravine

to a point at about the same elevation on the opposite ridge. The
boundary, however, is inferential in a part of this area, as the rock

is by no means continuously exposed, no small portion being covered

with turf.

Long Side consists of Skiddaw Slate ; at one locality on its western

slope Graptolites are not rare, and here Mr. Postlethwaite on the

occasion of our visit discovered a Lingula. At Little Knott itself the

picrite mass, being about its usual width, is bounded on either side

by a low outcrop of indurated Skiddaw Slate. Prom this part of the

crest the picrite can be traced eastwards down the steep slope ; an

irregularly projecting mass, traversed by occasional joints, and thus

divided into large blocks, giving to the greater prominences quite a

grandiose aspect. It foUows the line of a slight depression and is

ultimately covered up by the turf. The burn at the bottom of the

glen runs over a mass of boulders. On the opposite hillside no

rock was visible above the turf until we reached about the level of

Little Knott, where, on the brow of the ridge, is a group of huge

blocks. I could not satisfy myself that any of these were certainlj^

in situ, though the live rock must be close at hand. Mr. Ward, I find,

regarded them as boulders. The largest block is about 18 feet long,

8 feet wide, and 7 feet high : it rests on Skiddaw Slate, which has a

baked aspect and appears to be in situ. A short distance to the

south, among indurated Skiddaw Slate, is an outcrop which Mr. Ward

* Quart. Journ. Geol. See. vol. xxxix. p. 254. I may take this opportunity

of correcting a misprint : on p. 265, line 8, for milky read silky.

Q.J.G.S. No. 164. 2o
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connects with the mass on Little Knott. This very probably is cor-

rect, but the rock appeared to me limited in area. It is fine-grained

and not at all characteristic. It is, however, possible that I may
have overlooked some small connecting outcrops lower down the

hillside.

The rock, as seems not seldom to be the case with picrites and
the more basic olivine-diabases, varies greatly in character. At the

first outcrop on Little Knott the dominant rock (No. I.) is fine-

grained, not porphyritic, and not at all like that of the Anglesey

boulders, resembling a dioritic rock rich in hornblende and poor in

felspar. There is also, near the western end of the area, on its

northern side, an outcrop of rock (presumably connected with the

main mass and close to the altered Skiddaw Slate) which is very com-

pact, of a dull grey colour, more hke a felstone. Then a short distance

further east, the ordinary, rather fine-graiued, duU green variety

(No. II.) passes gradually in the space of about a yard into a mottled

pinkish-grey and dull green rock, like an ordinary syenite or diorite

(JSTo. III.). Further down the eastern slope of the hill, about the central

part of the exposure, the rock becomes coarser, crystals of hornblende

about -2 to -3 inch across, with the characteristic dull green serpen-

tinous enclosures, being abundant (No. TV.). Here and there the rock

becomes still coarser, the hornblende crystals being -4 or perhaps even
•5 inch across, but I did not find any larger than this (N'o. Y.). In

one part the bigger crystals are rather crowded together and tend

to occur in veinhke bands. The coarser varieties much resemble

the rock of the Anglesey boulders, in which, however, the hornblende

crj^stals are often slightly larger. The rock of the boulders on the

crest of the opposite (eastern) ridge corresponds with the medium
variety (ISTo. IV.).

I have had slides prepared for microscopic examination from each

of the above-mentioned varieties of the Little-Knott rock.

No. I. A granular rock, composed of dark hornblende with grains

of a paler green mineral ; the former about -1 inch in diameter.

The following minerals are visible under the microscope:—(1) horn-

blende, mostly in irregularly formed crystals interrupted by some-

what rounded enclosures. Colour generally a rich brown, strongly

dichroic. Cleavage well-marked. This passes sometimes rather

abruptly, as described on a former occasion, into a pale green rather

fibrous variety, smaller flakes of which are scattered about the slide.

The enclosures, above described, are mostly occupied by secondary

products, in some cases serpentinous, but occasionally a crystal of

felspar is included. In the slide, intercrystaUized with the smaller

and more altered hornblende, is a fair amount of felspar, which is

a good deal decomposed, so that it is difficult to identify the species.

It is, however, one of the plagioclastic group. There is a small

quantity of a mineral, mentioned in my former paper *, which re-

sembles an altered enstatite. Granules of iron peroxide, some epi-

dote, a little apatite (?), and quartz, probably secondary, with calcite,

and other alteration-products are present.

* Quart. Journ. Geol. Soc. vol. xxxix. p. 259.
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No. II. Slightly more compact than the last described, with a

sharper and smoother fracture. Under the microscope, the hornblende

is seen to be slightly less abundant, rather more regular in external

form and less frequently interrupted by enclosures. These, as

well as some patches in the body of the slide, are occuj^ied by a pale

green viridite and irregular granules of a colourless mineral which
may be dolomite. Pelspar like that in the former slide, but rather

more abundant, and accessory minerals occur as before.

iSTo. III. (Haifa yard from last specimen.) A mottled dark green

and pale pinkish grey rock, looking slightly coarser than the last.

Under the microscope the difference is not very material, except that

there is more felspar, this now being the dominant mineral. The
felspar is a little better preserved, and appears to be mainly plagio-

clastic. The extinction-angles are rather small, as if it were one of

the varieties rich in silica. There is also a fair amount of quartz

scattered about the slide. The rock, in short, is an ordinary diorite

of fairly characteristic ophitic structure.

1^0. lY. Hornblende crystals, about -3 in. in diameter, abundant

;

very rough fracture. Except for the greater size of many of the

hornblende crystals and the decided predominance of that mineral,

the description of i^o. I. will apply. The bastite-like mineral occurs

associated with a granular, colourless mineral, probably of secondary

origin, which I cannot name.

^0. V. A stiU coarser rock than the last ; hornblende crystals

sometimes fully -5 inch across and more conspicuously interrupted,

Making allowance for this, the microscopic structure is not materially

different from that of the last-named specimen. The sudden transi-

tion in the same crystal from the very dark brown to the almost

colourless and rather fibrous hornblende happens to be particularly

well exhibited (Plate XYI. fig. 2). There is also rather more calcite

in this slide than in the others.

The isolated outcrop, mentioned above as probably connected with

the main mass of picrite, is a greyish rock containing, in a rather com-

pact base, small scattered whitish crystals. Under the microscope,

it is seen to be holocrystalline, consisting mainly of very decomposed

felspar, from which all distinctive characters have disappeared, and a

much altered hornblende, now to a large extent replaced by an earthy-

looking material almost opaque to transmitted light, and appearing

of a pale grey colour with reflected light, something like leucoxene.

There are some scattered granules of quartz, grains of iron peroxide,

possibly ilmenite, some calcite, and a good many belonites of a nearly

colourless mineral, which is frequent in diabases, and I think is some-

times described as apatite.

A specimen of the altered Skiddaw Slate, taken from about one

foot distant from a junction with rock like "No. I., is a hard compact

brownish grey rock. Under the microscope it is seen to consist of very

minute and ill-defined granules of quartz, associated with an abun-
dant, colourless, fibrous, micaceous mineral, and with earthy granules.

There is a fair amount of a brownish fibrous mica ; ferrite, micaceous

minerals, &c., are sometimes aggregated in clustered patches, as

2o2
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may often be seen in various " spotted schists." Specks of a kaolinized

mineral are also present.

About 500 yards to the south, another but smaller dyke-like mass
of dioritic rock cuts the ridge of Long Side ; beyond it is one yet

smaller, and oval in shape, and then come three narrow dykes. I
visited the second of these; it is an ordinary "greenstone"

—

probably a hornblendic diabase—rather decomposed. As I did not
observe any boulders of the more characteristic picrite scattered

above the line of the Little-Knott exposure, I deemed it needless to

hunt out the remaining outcrops.

One point in regard to the boulders from Little Knott is, I think,

worthy of notice as bearing on questions other than petrographical.

The burn in the ravine below flows over a boulder deposit. This

appears to be of some thickness and extends down the glen for a con-

siderable distance like a scattered or " trailing " terminal moraine.

I followed it for about 300 yards. It seemed to be composed almost

wholly of picrite boulders, 3, 4, or even 5 feet in longest* diameter.

If then the whole mass corresponds in composition with the part

which I saw, the united boulders would form a large mass of picrite

rock. Besides this a rather high wall, enclosing a large field on the

spur opposite to Little Knott, is almost wholly made up of fragments

of the same rock. I think it no exaggeration to say that if all

these erratics were replaced on the area mapped as occupied by
picrite, the}' would form a conspicuous ridge. In considering the

possibihty of Little Knott being the source of the Anglesey boulders,

the smaUness of the exposure had always seemed to me a great

difficulty, as they are comparatively common in that island. This

difiiculty, however, appears of much less account when we view the

scattered boulders in the immediate vicinity*.

This mode of occurrence of the boulders suggests another con-

sideration. The mass of boulders in the lower part of the glen has

every appearance of a morainic deposit ; but the highest point at

which picrite is exposed cannot, I think, be more than 250 feet

above the bed of the stream t, and a considerable part of the ridge

must have been uncovered in order to allow of so great an accumu-
lation of fragments. Hence the glacier can never have been very

thick, say not more than 100 feet as a maximum, when it distributed

the boulders. As they commence in force immediately below the

line of outcrop, it must during the latter part of the time have been

very much thinner. It was therefore a local glacier originating

under the upper clifFs of Skiddaw and occupying the above-mentioned

glen. It follows then that; if boulders have been transported from

Little Knott, at any rate to^ the Flintshire coast J, so as to occur

in the drift, the only possible explanation is, that the glacier ter-

minated in the sea and the boulders were conveyed by floating ice.

* I believe there is tbe same apparent disproportion between the outcrop of

minette on Sale Fell and the boulders distributed thereupon.

t Little Knott itself is between tbe contour lines of 1000 feet and 1250 feet,

probably about 1150 feet ; the dyke in the bed of the glen is on the 900 feet line.

I As stated by Mr. De Eance, Quart. Journ. Geol. Soc. vol. xxxix. p. 260.
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Further, the glacier above described belongs either to the earlier

period of greatest giaciation or to the later or " valley glacier " period.

If to the former, then all theories of vast ice-sheets melt away : if

to the latter, we must suppose either that the interval between the

two periods was long enough to allow of the accumulation of the

needful store of picrite boulders on the flanks of the glen for

transportation by the growing glacier of the later period, or that the

erosive power of glacier ice is so slight that the shattered ridges of

picrite were not materially diminished even in the period of ice-

sheets, and that these preserved, without plundering, the stores

accumulated in preceding geological periods.

I deem it needless to prove that these boulders have been trans-

ported on and not below the glacier, because the latter mode of

transport, at best a rather hypothetical one, appeared to me
irreconcilable with the evidence to be obtained on the ground. Hence
I regard the district of Little Knott as bearing testimony adverse to

the extreme theories of " ice, its extent and work,"' of which during
the last twenty years we have heard so much.

Hornhlende-Picrites of Anglesey and Caernarvonshire.

In the matter of the Anglesey picrites, I have obtained some
further information. In 1883 during an afternoon's walk in the

district between Ty Croes and the sea, I observed whole or broken

boulders, not less than five in number, of which some details are

given in the report of the Erratic Blocks Committee of the British

Association * ; but I felt some doubt as to the correctness of my
identification of the rock in the supports of the Cromlech Barclodiad-

y-gawras. (It will be remembered that here only the weathered

surfaces of the stones can be examined.) But I have received from

Prof. Hughes a supply of specimens from two masses of very similar

rock which he has discovered in situ in Anglesey. As my engagements

during the last eighteen months have made it impossible for me to

visit that island, I am indebted to his kindness for the following

information. The one rock occurs at Caemawr near Llanerchymedd,

the other at Pengorphwysfa, 1| mile E.S.E, of ximlwch, both

localities lying much in the same line, rather to the N. of jN'.E. of

the district over which the boulders are scattered.

Prof. Hughes thus writes :
—"With regard to the mode of occurrence

of the Caemawr dykes, from which, I think, most of the boulders of

Central Anglesey are derived, there is not much to say. They are

a group of dykes of various composition and texture, occurring in

the Arenig series a little below the zone of Didymograptus Murchisoni.

Their trend, as seen on the surface, is approximately with the strike

of the rocks, but I have not ascertained whether or not they

generally coincide with the bedding for any distance. There are

-differences of texture between neighbouring dykes, and still greater

differences, sometimes, between adjoining parts of the same dyke.

The very light-coloured more coarsely crystalline specimen (see

* Volume for 1883 (Southport), p. 146.
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below 5) is from a portion of or,e of the most southerly dykes, which,

in the rest of the mass, is of the usual dark green blotched colour («).

There is no sharp line between the two, but the light rock shades

rapidly into the other as if it represented a difference in the

material 'boiled up/ a defect in the mixing, a local accident

affecting the cooling and crystallization or subsequent superinduced

alteration, but not a later-intruded dyke. The Pengorphwysfa boss

is a similar but larger mass, and shows the same but less marked and
rapid variations. The boulders from Caemawr are found trailed to

the south for miles. I was not looking out for them, but my
impression is that they came to hand right up to Pen-y-Carnisiog

and beyoDd."—T.M'KH.
The specimens from the Pengorphwysfa boss vary from an ordinary

compact " greenstone " to a moderately coarse rock consisting of

hornblende crystals from -2 to -3 inch wide, and a greenish grey

mineral. Under the microscope, hornblende is seen to be very

abundant. There are, as above, brown crystals passing into green

and containing serpentinous enclosures, with numerous smaller

crystals and fibrous flakes thickly scattered over the slide and
giving brilliant colours with polarized light : interspersed with the

smaller of these is some felspar iu small grains of irregular form

and indefinite character, not indicating an ophitic structure, and
decidedly less abundant than in the Little-Knott rock. Certain

of the serpentinous grains with reticulate minute belonites suggest

the former presence of enstatite rather than of olivine *. There are

some grains of iron peroxide ( ? haematite), and perhaps a little

apatite.

A second slide, cut from a slightlj'' more mottled specimen,

contains a rather larger quantity of a decomposed idagioclastic

felspar.

One variety (a) of the rock from the southern dyke at Caemawr
is macroscopically much like the last described, but on microscopic

examination it presents this difference, that very little felspar can

be detected ; there is a fair amount of a pale yellowish serpentinous

mineral, or rather of aggregated groups of small serpentinous mine-

rals, which have most probably replaced olivine, or, perhaps in one or

two cases, enstatite. Another peculiarity is that there are a fair

number of crystalline grains of a mineral with its external angles

not very well defined, often occurring in small groups. It is clear

and almost colourless, though its cleavage and other cracks are often

much stained, apparently by the formation of a brown decomposition-

product (Plate XYI. fig. 1). It is one of the pale-coloured augites t.

Another specimen (b) from this dyke exhibits a variation as

marked as any described in the Little-Knott rock, being a mottled

dull green and -whitish rock, a fairly typical specimen of the horn-

blendic gabbros frequent in jSTorth Wales. Under the microscope,

felspar is seen to predominate, the crystals varying in size, so that

the structure might be called porphyritic. Most of it is plagioclase,

* This is well seen in a slide lent to me by Prof. Hughes.
t A slide lent to me by Prof. Hughes confirms the above description.
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probably labradorite. The pyroxenic constituent is much altered

and is replaced by secondary microlithic products mostly of a horn-

biendic character. Besides the usual decomposed granules of iron

peroxide, there is a fair amount of well-marked apatite, which is

wanting in the other slides. ]S'o one would imagine that these

specimens could have come from one and the same dyke.

I have to thank Prof. Hughes also for aUowing me to re-examine

specimens collected by the late Prof. Sedgwick and Mr. Tawney,
now in the "Woodwardian Museum, one of which is noticed briefly

in my fu'st paper *. It is now evident to me that in all probability

the true picrite collected by Prof. Sedgwick from Penarfynydd (Aber-

daron) forms a part of the olivine-diabase described by Mr. Tawney.
In all the specimens there is the same characteristic of fair-sized horn-

blende crystals interrupted by serpentinous enclosures, so that we may
regard this as another outcrop of a similar picrite. This also a^Dpears

to exhibit the usual variability in mineral composition. Another
series of specimens come from the neighbourhood of Clynnog, the

the most characteristic being from a boulder under Gyrn Goeh ; but

a similar rock occurs hi situ at Pen-}'-rhiwan (Coll. Tawney) f.

These rocks are very similar to the picrites which I have been

describing. I doubt whether there has been so much felspar as the

authors of the earlier description supposed.

The variability of the mineral composition of the rocks described

above is singular, but perhaps does not indicate quite so great a

diversity of chemical composition as at first sight would appear.

Looking at the table of analyses given in my last paper, we see that

not seldom 1 per cent, of soda is present J. If this were employed

in the composition of a felspar like labradorite Si02=5::?-9,

Al,O3=30-3, CaO= 12-e3, Na,0= 4-5, the foUowing constituents

would be required to make up the felspar :

—

SiO,= ll-7

Al,03= 6-7

CaO= 2-7

]S'a,0= 1-0

221

or more than one fifth of the whole would be felspar. Besides soda

there is often a little potash. jSTow as the amount of felspar in

all of these picrites which I have examined is nothing like one fifth

of the whole mass, it follows that not only the potash must enter

into the composition of other minerals {e. g. a mica, often present)

but also that some of the soda must be so employed. Further if all

the soda in the specimen analyzed by Mr. Phillips went to form felspar,

only about 6 parts of alumina would be required
;
yet the rock contains

* Quart. Journ. Geol. Soc. vol. xxxxii. p. 139 : for full description see Gaol.

Mag. Dec. 2, vol. vii. p. 208.

t For description see Geol. Mag. Dec. 2, vol. vii. p. 457.

:j: In the Anglesey specimen analyzed by Mr. J. A. Phillips there is (mean),

NaP^-Qld, K.-f)-l2b. Total of alkalies= 1-04.
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about 10-9. Thus there is 4-5 at least to spare, more than is

wanted for a mica. Hence in the one case we may have, for

instance, a rock composed of more than one variety of hornblende

(pargasite, arfvedsonite &c.), a potash-iron mica, olivine or enstatite,

and a little felspar ; in the other case, if non-aluminous and non-

alkaline hornblende were formed, we might have more than half of

the rock composed of felspar *. Thus although there is probably

some variation of chemical composition, the great difference in the

component minerals may be quite as much due in some cases to a

difference of circumstances.

I have carefully revised all my collection of slides in the hope of

discovering characteristics which might help in the identification of

the boulders, but, as might be expected in the case of rocks which
exhibit so much variability (due no doubt in part to their coarseness),

I have not met with much success.

I do not find any distinct traces of enstatite in slides cut from

boulders from Pen-y-Camisiog, Peny-y-cnwc, the gate-post, or the

road-side near Ty Croes, but in each, a colourless augite is more or

less distinct. This mineral is not present in the boulder on the

shore at Porthnobla, but it contains a mineral like enstatite. The
Pengorphwysfa rock exhibits the augite and some enstatite ; that

from Caemawr, augite and perhaps enstatite. In the Little-Knott

slides I find enstatite, but have not certainly identified augite ; here,

however, it is generally not difiicult to detect some felspar. This

accords with the result of the partial analyses quoted in my last

paper, so that it is a less typical picrite than the rock of the Welsh
boulders. Thus the lithological evidence rather favours the deriva-

tion of the Anglesey boulders from dykes in that island, and this

appears from the evidence supplied by Prof. Hughes to be most
probably correct.

The specimens sent to me from Caemawr and Pengorphwysfa are,

indeed, not so coarsely crystalline as some of the boulders. This

predominance of coarse varieties in the boulders (^true also of the

Little-Knott rock) may be an instance of a survival of the fittest ; for

I noticed at Schriesheim (and I have seen it elsewhere in doleritic

rocks) that the most coarsely crystalline parts had a nodular habit,

and were often well preserved, when the more fine-grained parts

immediately around them were decomposed t.

Hornhlende-Picrite Boulder near St. Davids.

l^ot long after the reading ofmy last paper Dr. H. Hicks informed

me that he had recently discovered a boulder of hornblende-picrite in

* If the alkaline percentage were 2'5 (and the joint amount is often quite

that), then, assuming a felspar of the composition of labradorite, 55*5 of the

rock would be felspar.

t But the Henslow collection contains specimens, labelled " N. of Llanerchy-

medd," as coarse as any boulder which I have found. Whether these come
from rock in situ or not, they bring this variety very close to Caemawr. Sir.

Harker also has sent me specimens of boulders from near Llanerchymedd quite

typical of those which occur in the district south-west of Ty Croes.
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the neighbourhood of St. Davids, and to him I am indebted for speci-

mens and for the following note as to the locality. He says :
—

" The
boulder is somewhat rounded ; its longer axis, which lies nearly S.E.

and jN".W., measures about a yard. A transverse section is slightly

triangular, the shorter sides measuring respectively about 16 in. and

22 in. It lies on the promontory forming the east side of Porthlisky

harbour *, resting immediately on Dimetian rock, surrounded by an

uncultivated area overgrown by gorse and heather. The striae

along this coast usually point from IST.^V.to S.E. ; but it is clear that

very many of the boulders scattered over it must have come from

the high land in the jNT.E. of Pembrokeshire, the Precelly range.

There is ample evidence of local till, and in places (at considerable

elevations) of marine sand with transported boulders, fragments of

flint being common among them. I fancy this points to the deriva-

tion of some of the materials, including possibly certain boulders,

from a JS'.W. source."

The surface of the boulder (which is overgrown with lichens) is

rough and lumpy. A brown staining extends inward for less than
•1 in. The rest of the rock is in good preservation and is wonder-
fully like that of the Pen-y-Carnisiog boulder, looking perhaps even

fresher and thus closer to the Schriesheim rock. The larger cr3'Stals

of hornblende are sometimes quite | inch in diameter. As in

the other cases the general colour is a dull somewhat mottled green,

with a few whitish specks f. The hornblende crystals on a smooth-

cut surface have a slightly metallic and silvery lustre. My previous

papers render a minute description of the microscopic structure

unnecessary, so, referring generally to them and especially to the

account of the Pen-y-Carnisiog specimen, I will only call attention

to one or two points of difference. There are a few grains of olivine

fairly well preserved (Plate XYI. fig. 4). The larger hornblende crys-

tals, in addition to the serpentinous enclosures, which in all proba-

bility have replaced olivine, contain a fair number of crystalline grains

of a colourless augite. This mineral also occurs in considerable

quantities in the slide, frequently with a tendency to grouping.

There the crystals are sometimes set in a serpentinous ground-mass,

and sometimes associated with a pale-coloured hornblende, and
occasionally with grains of another variety of a serpentinous mineral

which appears to be subsequent in consolidation. This augite has

been already noticed in my former papers ; but in the cases there

described it was often not very definite in form or cleavage, and had

a dusty look as if partially decomposed. Instances of the latter

variety occur in these slides also ; but the majority of the crystals

are beautifully clear, and are well defined, showing characteristic

transverse and longitudinal sections and cleavage, and giving such

clear brilliant colours with crossing nicols that at the first glance

one might take them to be olivine. They appear to have a slightly

granular, fibrous or silky structure (Plate XVI. fig. 6). They must,

* Immediately south-west of the letter S in the Survey map.
t These appear to me to be too soft for felspar

;
probably they are a steatitic

mineral, like that which mottles certain serpentines.
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I think, be anterior in consolidation to the brown hornblende, as their

crystals do not indicate definite orientation or any relation with it.

The brown hornblende exhibits the nsual transition to a pale green or

even colourless variety with a slight alteration in the extinction-angle.

The serpentinons mineral in which some of these white augite crystals

are imbedded is very faintly tinged with yellowish green and has

but a slight influence on polarized light, resembling a steatitic

mineral. In other parts of the slide the colour is a little stronger,

and the mineral gives brighter tints between crossed nicols, showing
the aggregate fibrous structure often seen in serpentines. The
serpentinons grains mentioned above as also interspersed in this

ground-mass, are rather irregular in form, though showing some
tendency to rectilinear boundaries ; many of them exhibit one well-

marked cleavage. They are rather a stronger yellowish olive-green

in colour, frequently crowded with dusty-looking granules containing

occasional specks of opacite and numerous minute belonites *. "With

polarized light they exhibit a minutely fibrous, aggregate structure

with fairly bright colours (Plate XYI. figs. 3, 4). I believe the

mineral to be an altered enstatite. I have also noted one or two
iiakes of brown mica, more or less altered.

In conclusion I will venture a few remarks on the paragenesis of

the minerals in this interesting group of rocks, including therewith

the Schriesheim rock and a picrite from Gippsland (Australia), The
latter has been described by me in the ' Mineralogical Magazine,'

vol. vi. p. 54, and is microscopically closely allied to them except

that the hornblende is green instead of brown ; in this also

unaltered olivine stiU remains. I fear, however, that they will

state difficulties rather than solve them. We find olivine (or

serpentinons pseudomorphs of it) included in brown and green

hornblende and in brown mica, also in light-brown augite (if we
include the Inchcolm picrite and that from Hain). Olivine also is

included in enstatite in certain serpentines. In other serpentines

we have enstatite separately crystallized ; and in some of the above

picrites serpentinons products which suggest the former presence of

enstatite rather than of olivine occur in a similar manner.

jSTow as regards the augite, there is, it appears to me, some reason

to believe that we can have the following succession of alterations in

the above group of rocks—light-brown augite, sometimes practically

clear in thin sections ; clove-brown hornblende f ; green hornblende ;

colourless, rather fibrous hornblende. In these changes the augite

undergoes what I may call for distinction the "uralitic change,"

because there is apparently no alteration in the outward form of the

crystal. Another line of change appears to be the formation of

distinct crystals of green hornblende or of abundant microhths of

actinolite. This we may term " actinolitic change." In some rocks

* Like those described by me in the Porthnobla specimen, Quart. Journ.

Geol. Soc, vol. xxxix. p. 255.

t If not there are Terj singular cases of intergrowth of the pale augite and

the brown hornblende.
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the augite appears to assume the form of diallage * before either

uralitic or actinolitic change. AYhat then is the history of the

perfectly clear, rather silky, well-deiBned augite crystals described

above as included in brown and green hornblende and perhaps also in

enstatite ? Are they parts of the original light augite left unchanged ?

or are they secondary products ? or are they original enclosures ?

Their definite crystalline form, whether within or without the horn-

blende, their sharp demarcation from the strong-coloured hornblende,

are unfavourable to the first or second supposition and favourable to

the third (Plate XYI. figs. 4, 5, 6). But still their perfect preser-

vation in rocks where the other constituents appear more or less

altered is strange. Also what variety of augite are they? Their

general appearance suggests an augite allied to diopside, which,

indeed, appears to be a rather stable mineral. At present I must
content myself with stating the facts and the inferences to which
they appear to lead, and must leave it to further work or other

workers to resolve the difficulty.

It results, however, that a group of rocks, characterized by the

predominance of magnesianbisilicatesandunisilicates, by the frequent

enclosure of olivine, perhaps also of a magnesian bisilicate, in the

larger augite or hornblende crystals, and by the infrequency of

felspar, of which we may take the Schriesheim, Gippsland, and
Inchcolm picrites as characteristic types, besides that of Hain—rocks

which, on the whole, exhibit a tendency to graduate into normal
olivine-diabase rather than into true peridotites, though occasionally

they come very near to the latter—occur not only in boulders, but

also in situ at Little Knott, and at two localities both in Anglese}^ and
in the Lleyn peninsula. Even if no others be found, which is very

likely, at any rate in South-west Wales (the more probable home of

the St. Davids boulder), this is a fair list of localities for a rock the

occurrence of which in England and Wales was only chronicled

in 1881.
EXPLANATION OF PLATE XVI.

Fig. 1. Group of crystalline grains, external form not generally perfect, of a

pale-coloured augite, associated with a dark staining. (S. Dyke,
Caemawr, page 516.)

2. Part of a slide of the Little-Knott rock, illustrating the rapid change
(with crystalline continuity) from a dark brown hornblende to an
almost colourless greenish slightly fibrous variety. (Slide No. V.,

page 513.)

3. Grain of a serpen tinous mineral (a) showing one well-marked cleaxage,

and probably an altered enstatite, with brown hornblende {b), au-

gites &c. in a serpentinous ground-mass (c). (Boulder, Porthlisky,

page 519.)

4. Grains of somewhat blackened olivine (a) associated with grains of a

yellowish serpentinous mineral (b) and colourless augite (c) in a

ground-mass of similar minerals, hornblende, a little decomposed
felspar, &c. (Boulder, Porthlisky, page 519.)

5. Grains of two varieties of augite («, b) enclosed in a crystal of brown
hornblende. (Boulder, Porthlisky, page 519.)

6. Crystals of colourless augite in a pale greenish serpentinous ground-mass.
(Boulder, Porthlisky, page 519.)

* I have seen this also exhibit " schillerization."
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DlSCFSSIOS".

Dr. Eya:s's remarked on the interest attaching to the determi-
nation of the locality and of the distribution of the specimens.

Dr. A, Geikie pointed out the remarkable changes in texture and
composition in the rocks of this class within short distances. This
is illustrated by the Inchcolm and Bathgate rocks and by certain

intrusive rocks in the north of Ireland.

Mr. Teall pointed out that the term picrite, first used by
Tschermak, had been applied by later writers to rocks differing

somewhat from the original type ; and also that Cohen, who applied

the term to the Schriesheim rock, under the mistaken idea that the
dominant bisilicate was diallage, now wished to withdraw this name
from the rock altogether.

Prof. Seelet stated that the specimens of the Henslow collection

are all recorded, with full particulars concerning them, in catalogues

which are preserved in the Woodwardian Museum.
Mr. Etjtley thought that possibly picrite was an altered condition

of basalt. He regarded the statements made by the late Mr. Clifton

Ward as very justifiable.

Mr. HimLESTox was glad to learn that the rock which yielded the

boulders of hornblende-picrite, first noticed by the President, had
at length been discovered in Anglesey, so that jS'orth Wales was
independent of the Lake District for its supply. He asked for further

information concerning the mode of its occurrence in situ.

Prof. Junn defended the use of the term picrite, and thought that

the Author, in giving the name of hornblende-picrite to the rock he

had been the first to define, was exercising a wise discretion.

Mr. BATJEEiiAX thought that picrite, or names very similar to it,

had been formerly applied to minerals. He did not think it wise to

give similar names to minerals and rocks.

Mr. Haekee said that the two localities where the rock occurred in

Anglese}' are both large dykes intrusive in Arenig rocks. In the Lleyn

peninsula are large intrusive bosses. In aU cases the rocks vary in

texture and composition within very short distances. The Henslow
catalogue does not state whether the rocks were collected «i situ or

from boulders.

Dr. Hicks thought the boulder at St, Davids must have been

transported from a distance, though it is possible that the rock

would be found in situ in ISTorth- east Pembrokeshire.

Prof. BoisTraT said the name " picrite" was a weU-recognized name
for a rock, and he had employed it as such. It was absurd to sug-

gest that such a rock might be derived by decomposition from basalt,

as it differed much both chemically and mineralogically. The rock

was not, in any proper sense of the term, a decomposition-product at

all, but rather a recomposition of another rock. jSTothing he had said

in his paper could possibly be represented as reflecting on the late

Mr. Clifton Ward, who had recognized the abnormal nature of the

rock, and had done such excellent work in his day.
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38. Stjppleme]S"tart Xotes oi the Deep Borixg at Eich^iond, Surrey.

By Prof. John W. Judb, F.E.S., Sec. G.S., and Collett Homer-

sham, Esq., F.G.S. (Read June 24, 1885.)

At the time when our former communication to the Society was
published (November 188-i*), we were able to report that this very

interesting well had, on the 15th of October, reached a depth of

1409 feet. "We now propose to chronicle the subsequent progress

and termination of the undertaking, adding some new observations

which have an important bearing upon the subjects discussed in that

paper.

Subsequently to the date mentioned, many very serious difficulties

were unfortunately encountered in carrying on the work ; but, in

spite of these disappointments, the Eichmond Yestry, acting under

the advice of their engineer, Mr. S. C. Homersham, determined to

persevere in their efforts so long as they felt justified in incurring

the necessarily large outlay. After many vexatious accidents and
consequent delays the work had, by the end of the year 1884,

reached the depth of 1442 feet. At this point the Eichmond
Yestry, to whose spirit of enterprise geologists are so greatly in-

debted for the important evidence afforded by this undertaking,

decided that they could no longer incur the responsibility of further

expenditure, and gave orders to stop the work.

The work did not come to an end immediately, however ; for the

contractors, Messrs. T. Docwra and Son, with great public spirit,

offered to attempt to make further progTess with the important

undertaking at their own expense and risk. All their efforts, how-
ever, succeeded only in deepening the well to the extent of 5 feet,

and the boring was fimally abandoned when it had reached the

depth of 1447 feet. The well at the bottom has a diameter of

nearly 8 inches, and the lowest cores brought up have a diameter

of 4f inches. The weE. is lined to within 80 feet of the bottom.

Unfortunately, no increased supply of water was obtained by the

deepening of the well from 1409 to 1447 feet.

It will thus be seen that the Eichmond well is actually deeper

than any other well in the London basin by 145 feet ; but if we
reckon from the absolute level of the Ordnance datum line, it will

be found to have reached a point 312 feet lower than that attained

by any previous undertaking of the kind.

Although it was found impracticable to plug the bore-hole at the

extreme depth reached, for the purpose of temperature-observations,

a thermometer supplied by the British-Association Committee on
Underground Temperatures was let down to the bottom and kept

there for six days. Boring operations had ceased eleven days pre-

viously, and the temperature registered in this observation was

76-f° F. The temperature of the air during the time the thermo-

* Quart. Journ. Geol. See. vol. xl. (1884) p. 724.
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meter was kept down varied from 45° to 57° P., and that of the

water overflowing at the surface was 59° F.

Comparing the result thus obtained with that arrived at by the

observations previously recorded at the depth of 1337 feet, we find

that the increase in temperature for the last 110 feet is only 1J° P.,

or at the rate of 1° E. for 88 feet. "With an assumed surface-

temperature of 50° P., the average increase for the whole depth of

the well would amount to 1° ¥. for 54-09 feet of descent, the result

previously obtained being 1° F. for 52-43 feet of descent.

The additional 38 feet of strata sunk through all evidently belong

to the same series of beds, variegated sandstones and marls, which
had been penetrated previously to the depth of 170 feet. The de-

tails of the strata passed through in the last 38 feet were as follows :

—

The beds (18)* " soft red and white sandstones, finely laminated in

places," had a total depth of about 32 feet ; then succeeded

—

ft. in.

19. Mottled sandstones, becoming intensely hard at their base 4
20. Softer mottled sandstone with " clay-galls " 6
21. Finely-laminated soft mottled sandstones 12
22. Very hard red sandstones, the joint-planes coated with green

incrustations 1 3
23. Soft green shaly rock 9
24. Hard red sandstone, like 22 1 3
25. Dark-red sandstone, softer 1 9
26. Very fine-grained red sandstone 1

27. Very hard red sandstone, which had to be ground away, and
could not be brought to surface in cores 4

28. Hard white fine-grained sandstone, with no lamination, but
exhibiting a rude dip 4

Total thickness of variegated strata underlying the G-reat Oolite ... 208

The following apparent dips were measured in the cores brought

up in the last 38 feet :

—

Dip.

At 141 1 feet from the surface 27°

„ 1412 „ „ 28°

1420
1421
1431
1433
1437
1438
1443

26°
28°
27°
26°
32°

32o
33°

With regard to the question of the geological age of these strata

we have, unfortunately, but little fresh evidence to offer.

The new facts derived from the examination of the dips exhibited

by the cores are almost conclusively in favour of these rocks having

a true dip of about 30°, complicated by much false-bedding. This

is indicated by the circumstance that the finely-laminated strata

exhibit the most variable apparent dips, while those beds with very

imperfect stratification, which probably show true dip, nearly always

* Loc. cit. p. 750.
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give angles of about 30°. This is the case with the lowest cores

brought up in this boring.

By some this high dip, and the necessary inference of uncon-

formable relation between these variegated strata and the overlying

Jurassic and Cretaceous rocks, may be regarded as telling in favour

of their pre-Carboniferous age. But it is by no means impossible

that Poikilitic strata in this area were disturbed and denuded before

the period of the deposition of the Great Oolite. The lowest beds

exposed in the boring are certainly much more like those of the

Xew Red than of the Old Red. It must be remembered, too, that in

Northamptonshire somewhat similar variegated strata have actually

been found intercalated with the Carboniferous series. It cannot

fail, however, to be a constant subject of regret to geologists that

no more precise evidence concerning the age of these strata was
obtained.

With respect to some other strata passed through in this well,

interesting additional evidence has been obtained since the reading

of the paper.

At the depth of 704 feet in this well we indicated the existence

of a curious conglomerated chalk, covered by 15 feet of hard chalk.

The former was referred to the Zone of Belemnites plenus in its

remanie condition ; and the latter, it was suggested, might not im-

probably be referred to the '-'Melbourn Rock" of Mr. A. J. Jukes-

Browne. Since the reading of the paper, we have been indebted to

Mr. William Hill, Jun., E.G.S., of Hitchin, for a number of facts and

specimens which prove conclusively the identity of the Melbourn
Rock with that which occurs at. this horizon under Richmond.

Mr. Hill, who had long studied the microscopic characters of the

different beds of the Chalk series, and had traced the different zones

through a large part of the Midland area, on reading our account of

the conglomerated chalk of Richmond, at once sought for it along

the line of outcrop of the Melbourn Rock, The specimens he has

kindly submitted to us prove that a precisely similar bed everywhere

forms the base of the Melbourn Rock of the Midlands, and that there

is the strongest resemblance in microscopic characters between that

rock and its conglomerated base in the district he has studied and

in the London basin. The recognition of this important horizon

cannot fail to greatly facilitate the separation of different zones in

the Chalk in this country.

With the aid of Dr. Hinde, F.G.S., and Prof. T. Rupert Jones,

F.R.S., we have further investigated the interesting specimens of

chalk-marl obtained from the Richmond well. On dissolving the

chalk-marl in dilute acid, a residue, amounting in some cases to no

less than 50 per cent of the whole, is left behind. By washing this

residue many beautiful specimens of fossils have been obtained.

Portions of the spicular mesh of hexactineUid sponges are common,
and in some cases Dr. Hinde has been able to determine the genera

and species. Very abundant, indeed, in some cases are silicilied

prisms of the shell of Inoceramus ; these sometimes, indeed, make
up a large part of the mass of insoluble residue of the chalk-marl.
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TVith them occur a number of partially silicified Foraminifera. The
forms usually obtained by the treatment of the chalk-marl with acid

are arenaceous types like Bulimina {Ataxophragmium), Textularia
(Plecanium) , and Verneidlina. In these a more or less perfect

cohesion of the sand grains composing the shells has been brought
about by the deposition of siliceous material between them.

Eut it is with respect to the Jurassic deposits, the existence of

which under the London basin was previously unknown, that the

evidence afforded by the Eichmond boring is of such great value

and interest.

Since the reading of our paper, in which we endeavoured to define

the position and relations of the Upper, Middle, and Lower Oolites

respectively in the South-east of England, a new and most valuable

piece of evidence has been obtained, which confirms in a verv

striking manner the conclusions at which we then arrived.

During the progress of the Dockyard Extension works at Chatham,
H.M. Government have had occasion to sink two deep wells, one of

which has penetrated the whole of the Cretaceous strata and reached

the underlying rocks. The results have been communicated to

Messrs. Whitaker and Topley for the use of the Geological Survey,

and we have the courteous permission of the Director-General to

publish the interesting details with which the officers of the Survey
have furnished us.

The deepest weU at Chatham attained a depth of 965 feet, and
the strata passed through were as follows* :

—

Surface 16 feet above Ordnance datum.
Depth from

Thickness. surface,

ft. ft.

Alluvium, gravel, and Thanet-sand 27
Chalk 682 709
aault 193 902
Lower Greensand (sandy beds) 41 943
Dark-blue clay (Oxfordian) 22 965

The first point which strikes us in this very interesting section is

the remarkable way in which the Lower Greensand has thinned out

in a distance of 7 miles from Maidstone (at which place it has a

thickness of 225 feet, and includes the thick calcareous masses of

the Kentish Eag) to a comparatively insignificant and piu-ely

sandy representative.

The blue clays underlying the Lower Greensand were not un-
naturally taken for Wealden in the first instance, but a number of

fossils washed from these clays by Mr. Creswick, of the Admiralty

Office of TTorks, were found to be suspiciously like Oxford-clay

forms, and on being submitted to Messrs. G. Sharman and E. T.

N'ewton, E.G.S., of the Geological Survey, they were identified as

follows :

—

* A short notice of the strata passed through in this well has already been

given by Mr. Whitaker in his ' Guide to the G-eology of London and the Neigh-

bourhood ' (4th edition, 1884), pp. 19, 21. A more detailed account of them
will be given in a forthcoming pubHcation of the Geological Survey.
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Ammonites crenatus, Brug.
hecticus, Bein.

Lamberti, Shy.
• plicatus ?, Shy.

(minute forms, possibly young).

Belemuites, sp.

Alaria trifida.

Gasteropoda (very minute).
Astarte, sp.

Corbula?
Pecten, sp.

Pentacrinus
MS.)?

3 Fisheri, Baily {ForheSi

Pentacrinus, sp.

Cidaris, sp. (plate and small spine).

Acrosalenia(?) (small spine).

Crustacean claws and limbs.

Bairdia (near to Juddiana, Jones).

feerpula vertebralis, Sby.

, sp.

Coral (small turbinate).

Cristellaria rotulata, Lam. (yar. with

cupped centre and raised septa).

(var. with smooth exterior).

crepidula, F. (^- M.
Wood.

sigmanngensis j

The evidence of these fossils is conclusive that the strata which
contain them are not only of Oxfordian age, but that they belong to

the middle portion of the Oxfordian, the Zone of Ammonites hi-

mammatus of Oppel or the Zone of Ammonites Lamberti of English

authors.

It thus appears that the Wealden deposits, which have such an

enormous thickness (2000 ft.) in the Weald area proper, and are

said to have been proved to the depth of 600 feet only 7 miles off

at Maidstone, have thinned out completely within 7 miles of the

Lower Greensand escarpment.

For the first time, then, we have direct evidence of the position of

outcrop under the Cretaceous rocks of strata of Middle-Oolite age

in the South-east of England. The existence of such strata was
inferred from the position of the Upper Oolite as revealed in the

Wealden boring at Battle, and from that of the Lower Oolites in

the borings atKichmond and atMeux's Brewery, and was supported

by the fact of the presence of numerous fossils derived from them in

the Lower-Greensand strata cropping out from beneath the J^orth

Downs. From this evidence we were enabled to indicate with con-

siderable precision the exact latitude in the south-east of England
where the Middle Oolite might be expected to occur under the

Chalk. The Chatham well has supplied the most conclusive evi-

dence that our reasonings on the subject were well founded.

The important modifications of the views hitherto held by geolo-

gists concerning the depth at which rocks yielding coal and water

respectively may be expected to be found in the south-east of

England, which result from the discovery of the wide distribution of

Jurassic rocks beneath the Cretaceous strata, have been already

dwelt upon, and the justice of the conclusions arrived at has been

proved by the important revelations of the Chatham well.

DlSCTTSSION.

The President congratulated the authors on the important addi-

tions made by these borings to our knowledge of the geology of

south-eastern England. He considered that the comparatively high

Q.J.G.S. i^o. 164. 2p
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dip rendered it more probable than ever that the red beds were
of Palaeozoic age.

Prof. Peestwich said that the section was the most interesting

yet recorded in the London district. The observation of the dip

was new and important, as it coincided with the previous one

noticed at ITeux's Brewery, as well as those at Harwich and Kentish

Town, and tended to show that the beds are probably not Xew but

Old Eed Sandstone like the Devonians of western England and
the north of France. The temperature-observations agreed very

nearly with those made at Kentish Town.
^r. Baueeisiax remarked that the paper dealt with one of the

most interesting subjects in the geology of southern England. He
regretted that the Oxford Clay had again made its appearance in

the Chatham boring, as showing a probable great thickness of the

Oolites. The occurrence of Old Eed at Richmond was also disap-

pointing. He thought that a boring was wanted in the Kennet
Valley between Eeading and Devizes.

Mr. ToPLEY said that the establishment of fixed horizons in the

Chalk underlying London would aid greatly in mapping the sub-

divisions of that formation to.the south. He regretted the absence of

Mr. TThitaker, who, with Mr. Xewton, had been engaged in working
out the question. Mr. Creswick had washed out the fossils from

the Chatham boring, and he had the credit of being the first to

suggest their Oxford-Clay age. He had himself called attention to

the Chatham boring when Prof. Judd's previous paper was read,

but at that time, no fossils having been obtained, he supposed that

the Oxfordian beds were TTealden. He suggested a comparison of the

bottom-beds of the Eichmond well. with specimens from the Cross-

ness boring now exhibited. He also called attention to a specimen

from the bottom-beds of the Harwich boring, in which Posido-

nomya was said to have occurred.

Prof. T. ErPEET Joxes stated that the Posidonomya from the

Harwich boring was examined by him, and undoubtedly belonged to

that genus. He asked whether the Oxford Clay at Chatham con-

tained Entomostraca as some Wiltshire specimens did.

Dr. C. Le !N"eve Eostee inquired whether Prof. Judd was satisfied

that the boring was vertical, as borings with the diamond-drill fre-

quently deviated much from their initial direction at no considerable

depth. This was of much importance in considering the question

of dip as determined from the cores extracted.

Prof. JiJDD said that he would not enter into the vexed question

of the age of the beds. All the evidence which could be obtained

was given in the paper, but it was admitted that uncertainty still

remained. In the case of the Eichmond well the boring could not

have deviated much from the vertical direction.

i
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39. Note on the Zoological Position of the Genus MiCROCHCEEUSy

Wood, and its Appaeent Identity luith Hyopsodtjs, Leidy. By
K. Lydekker, Esq., B.A., F.G.S., &c. (Eead June 24, 1885.)

In 1846 the late Mr. S. V. Wood described* and figured the palate

and left ramus of the mandible of a small mammal from the Upper
Eocene of Hordwell, under the name of MicrocJioerus erinaceus, and
considered that it was allied to Hyracotherium ; although the specific

name appears to indicate that he had a suspicion of other affinities.

In 1870 Prof. J. Leidy t proposed the generic name of Hyopsodus for

a small mammal from the reputed Upper Eocene of "Wyoming, the re-

mains of which were figured and described in a later workt, and
were also regarded as indicating an animal allied to .Hyracotherium.

A recent comparison of the type specimens of Microchosrus, which are

now in the British Museum (No. 25229), with Prof. Leidy\s figures

of Hyopsodus has convinced the writer that the two forms are ex-

tremely closely related and, in his own opinion, generically identical.

The English form, of which the right upper dentition is figured on
an enlarged scale in the accompanying woodcut, agrees in size with

Hyopsodus vicarius, Cope§, and the resemblance is so close that it

Microchoerus erinaceus. The Right Upper Dentition, from the

palatal aspect, x 2.

is difficult to point out even specific differences ; the former shows,

indeed, a minute accessory column in the valley external to the

true main outer columns in the upper true molars, which is wanting
in Prof. Leidy's figure of H. paidus, but whether present or absent

in H. vicarius cannot be determined from Prof. Cope's figure. In
any case the absence or presence of this column would not, in the

present writer's opinion, be a character of more than specific value.

The figured American specimens of Hyopsodus do not show all

the anterior teeth, and in this respect the type of Microchoerus is of

* * Charlesworth's London Geological Journal,' No.i. p. 5, pi. ii. figs. 1 and
3 (1846).

t Proc. Ac. Nat. Sci. Philad. 1870, p. 110.

I
' Contributions to Extinct Vertebrate Fauna of the Western Territories

'

(Rep. U. S. Geol. Surv.), pp. 75-80, pi. vi. (1873).

§ Vic'e Amer. Nat. 188o, p. 460, fig. 3.

2p 2
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great importance. In the cranium there are altogether nine teeth

on each side. The last three are true molars, in advance of which
are two molariform premolars ; the four teeth in front of the latter

are caniniform, and at least the two first are inserted in the pre-

maxilla. As the maxillo-premaxillary suture is not visible, it is

impossible to be sure of the homology of the third and fourth teeth
;

but the writer is inclined to regard them respectively as the third

incisor and the canine, although they may be the canine and the

antepenultimate premolar. The upper dental formula will be there-

fore either I. 2, C. 1, Pm. 3, M. 3, or I. 3, C. 1, Pm. 2, IT. 3.

The innermost incisor is separated by a wide interval from the

homologous tooth of the opposite side, in which respect it agrees with
Erinaceus and several other Insectivora, and differs widely from all

Ungulates. The small size of the canine (whichever this tooth be)

and the caniniform incisors are marked insectivorous characters.

The lowerjaw is reported to have been perfectwhen first discovered,

but was broken during a journey to Paris. In its present condition

it comprises the middle portion of the ramus, with the three true molars

and the last premolar ; but the two extremities have been restored

in wax ; the restoration of the anterior extremity is totally erroneous,

there being a huge canine, which could not possibly have belonged

to such an animal. In the figure there are shown three equal-sized

premolariform teeth in front of the true molars, then a very minute

tooth, and then a larger caniniform tooth with a considerable for-

ward inclination ; but it is uncertain whether this is correct.

Another portion of a right ramus in the Museum from the same
locality shows two premolariform teeth in front of the true molars,

and two empty alveoli in advance of the former, which incline forward

as in Erinaceus-, but it is not easy to determine their serial homology.

The dentition of Microchoerus agrees so closely with that of

Erinaceus that the writer has no hesitation in placing it in the same
order. The cusps on the true molars are decidedly lower than, and

difffer considerably in arrangement from, those of Erinaceus, the

difference being so great as, in his opinion, to forbid the inclusion

of the two genera in the same family. The name Eyojysodus, if,

as is almost certainly the case, that genus be identical with Micro-

choerus, should be superseded by the latter ; and under any circum-

stances both the American and English forms must be placed in the

same family. Prof. Cope*, in discussing the affinity of Hyopsodus,

associates it with the lemurine Aclapis, but remarks that many of

the genera which he provisionally includes in the same group present

such marked resemblance to the Insectivora that he is unable to say

whether they should be referred to that order or to the Lemuroid
Primates, there being strong evidence of a complete transition be-

tween the two.

The identity or, at least, the intimate affinity of Microchoerus and

Hyopsodus is another instance of the close connection existing be-

tween the Upper Eocene and Lower Miocene MammaUan fauna of

* Op. cit. pp. 459, 460.
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Europe and that of the reputed equivalent strata of North America,

so remarkabl)^ exemplified by the occurrence in both of genera like

HycBiiodon^ Oxycena. Froviverra {Stypolophus), Elotherium, Ilyopo-

tamus, Corypliodon, Pacliynolophus and UyracotJieriiim (Orohijypus).

In conclusion it appears that Microchcerus erinaceus is by no means
an uncommon form in the Eocene of Hordwell, since the British

Museum possesses several fragments in addition to the type, and
there are several imperfect specimens of the upper and lower jaws
in the Woodwardian Museum at Cambridge.
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40. On the I&xeous and Associated E,oces of the Brezddex Hills in

East Moxtgomertshiee and "West Sheopshire. By W. W.
Watts, Esq., M.A., F.G S. (Eead June 24, 1835.)

I. Literature.

MuRCHiso:??, Sir E. I. Silurian System, p. 290, et seq. 1839.
. Siluria, p. 89. 1859.

MoRTO^^, Gr. H. On the Geology and Mineral Yeins of the country

around Shelve, Shropshire, with a notice of the Breidden Hills.

Proc. Liverpool Geol. Soc. pp. 40, 41. 1868-69.

Stmoxds, Prof. W. S. Records of the Eocks, p. 89. 1872.

Eamsat, Sir A. Geological Survey of jS". Wales, p. 328. 1881.

Ea^-dall. Severn YaUey, pp. 120-122. 1882.

La Touche, Eev. J. D. Geology of Shropshire, p. 12. 1884.

YnfE, G. E. Quart. Journ. Geol. Soc. xli. p. 109. 1885.

Geological Survey. Map. Sheet 60 N.E. 1850 and 1855.

. Horizontal Section. Sheet 35. 1853.

II. IlfTRODirCTIOJf.

The rocks described in this paper occur in a district on the borders of

Shropshire and Montgomeryshire, on the east side of the Severn, about

12 miles W. of Shrewsbury and 6 miles xf.E. of Welshpool. They
are mapped by the Geological Survey, but no detailed description,

except a few notices in Murchison's works, has yet been published.

There are three chief parallel ridges running 'N.'E. and S.W. The
two westerly ones, called the Breidden or Eodney's Pillar Hill (1143')

—extending northwards as far as Brimford Wood—and the Criggan,

are composed of intrusive basic rock, and of this there are also one or

two other little hills,—the Garreg near Trewern and Poel Coppice to

the south, Belan Bank rising out of the alluvial plain of the Severn,

and two small hills to the north. The easterly ridge, whose chief

summits are Moel-y-Golfa (1199'), Middletown Hill, Bulthey Hill,

and Bausley Hill, consists of lavas, ashes, and conglomerates of an

intermediate type. Associated with these igneous rocks are shales,

sandstones, and mudstones, which appear to be an inlier of the

Bala rocks of Shelve reappearing under the Silurian s}TLclinal of

the Long Mountain to the S.E., which also seem to reappear as a

tiny inlier at Buttington, and are apparently continued further to

the S.W. in a strip of similar rocks to the E. and S.E. of Welsh-
pool.

In this paper I propose to describe the contemporaneous and in-

trusive igneous rocks of the region, and to give a short account of

the sedimentary rocks connected with them. And here I have great

pleasure in expressing my most sincere thanks to Dr. Davidson and

Prof. Lapworth for their kindness in determining my fragmentary

fossils, and to Prof. Bonney and Mr. AUport for their ready help in
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the difficulties which beset me in trying to make anything out of the

petrology of rocks which have undergone so much decomposition as

these.

III. Cambria:n^ Rocks (Sedgwick).

These are best exposed in a little brook which rises between
Bulthey and Bausley Hills, and, joining Belleisle Brook, cuts through

the shales where they are not much traversed by eruptive rocks ; but

they are also seen in many isolated spots amongst the hills, particu-

larly -near Trewern. They consist of a series of slightly varying

micaceous shales, dark grey and sometimes black in colour, easily

fissile, slightly concretionary, and much broken by ironstained joints.

Though appearing very likely to be fossiliferous, no fossils of any-

kind have been found in these Criggion shales, and their rerharkable

homogeneity renders it useless to attempt to establish divisions

amongst them. The base of the shales is not seen, for the Severn

alluvium covers it up. A remarkable band of sharply jointed, struc-

tureless, black quartzose grit occurs about 800 feet above the lowest

beds seen ; it is 20 feet thick, and is evidently much altered by a

small dyke of diabase which penetrates the shales in its neighbour-

hood, and by its proximity to the intrusive mass of Brimford Wood,
of which this dyke is an offshoot. There are two other dykes, one

60 feet and the other 30 feet wide, shown in the tributary. Along
Belleisle Brook which follows the junction of the shales with coarse-

grained diabase, the shales are much hardened, jointed, and altered.

The dip of the rocks along the brooks varies from 80° S. to 60° S.E.

and 60° S.S.E. ; and, from the map, I should calculate that, below the

conglomerates shortly to be described, there are about 2700 feet of

rock where least disturbed, though the changes of dip and amount
of intrusion render this estimate uncertain. Shales of precisely this

character are observed to the S.W., often more or less altered and

much disturbed in dip (particularly in the neighbourhood of the

Criggan, Garreg, and other intrusive masses), and always uufossili-

ferous. I have not been able to identify the black grit to the south

of this section.

The shales are followed by volcanic ashes, conglomerates, and
even lavas which rise in the hills of the S.E. ridge. They are typi-

cally developed in the road-cutting between Bulthey and Bausley hills

and on the northern crag of Bausley Hill where the rock is almost

vertical. In a quarry near the road-cutting, spotted ashy beds and
conglomerates are exposed, and these are followed b}' a massive con-

glomerate (of the road-cutting) dipping S.W. exclusively com-
posed of volcanic rocks, and almost entirely of andesitic fragments,

some of them reaching a diameter of 18 inches, set in a grey or

spotted ashy matrix. The thickness of conglomerate shown in the

road-cutting is 110 feet. In Bausley Hill* shales and ashy grits

are intercalated amongst the conglomerates, and consequently the

series is thicker ; a few fossils are found in the grits. In a small

farmyard at the north end of Bausley HiU, above the conglomerates,

* Sil. Syst., 292.
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occur greenish- grej', barren, homogeneous or micaceous shales break-

ing into cuboidal fragments, alternating with more sandy beds and
indurated grey grits with Graptolites, which pass into thicker-bedded

and more obviously ashy grits weathering brown and containing

shells, Trilobites, and rare Graptolites. These beds are actually

overthrust and dip to the IS'.W. at 38° ; but I think this is simply

inversion, for precisely similar beds are common above the con-

glomerates, particularly at the south part of Bausley Hill, near a

farm-house, where some of the same fossils have been found. These

localities are the only ones from which I have obtained identifiable

fossils, but they seem to indicate the age of the series pretty clearly.

Prof. Lapworth has determined the Graptolites, and Dr. Davidson

the Brachiopoda.

Climacograptus antiquus?, Lapw.
bicornis ?, Hall.

Scharenbergi, Lapw.
, sp.

Cryptograptus tricornis, Carr.

DicranogTaptus, sp. ?

Diplograptus foHaceus, Murch.
rugosus, Emm.

Leptograptus flaecidus ?, Hall.

Crinoids.

Beyrichia complicata, Salt.

Trinucleus concentricus, Eaton.

fiiabriatus, Murch.
Lingula, sp.

Orthis testudinaria, Balm.
Bellerophon bilobatiis, Sow.

Orthis testudinaria, another Orthis, and crinoid stems have been

obtained from the second locality just named in the south part of

Bausley Hill *
; while Mr. Morgan t has found TTiamniscus antiquus

amongst other forms in ashy beds to the N".E. of Middletown Hill.

These fossils, of which some range from Lower to Middle Bala,

some from Middle to Upper Bala, and some have a wider range,

seem to indicate that these beds belong to the Bala group and are the

equivalents of the top of the Glenkiln or bottom of the Hartfell

series. Above them come similar unfossiliferous shales with more
frequent grit bands. It is certainly likely that the exact equivalent

of these beds may be found in the upper rocks of Hagley and Mar-
rington in the Corndon district, but I am not yet sufficiently familiar

with that area to speak with any certainty.

"When traced to the S.W., ashy beds are intercalated between the

conglomerates, and a fold and fault in the rocks makes them
occupy a wide extent on the map. The structure of Middletown

Hill is explained by the subjoined diagram (fig. 1), in which the

fault at Middletown quarry is shown. The ash is made up of

fragments of decomposed felspar, often replaced by kaolin, and

stained light green, like some of the felspar crystals in weathered

pieces of Shap-Fell granite : there are also flesh-coloured and black

fragments, and fragments of banded volcanic rock. A large amount
of this rock has been quarried for china-stone, but the depth of colour

in all but a few beds spoiled it for this purpose. Under the micro-

scope the ash shows all the characters of a trachytic tuff altered to

* Since this was written, Prof. Lapworth has found Diplograptus foliaceus

in this locality, and Trinucleus in the matrix of the conglomerate,

t Quart. Journ. Geol. Soc. xli. 111.
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Fig. 1.

—

Section across Middletown Hill. (Length, \ mile.)

C S'. Cambrian Shales,

V A. Volcanic ash.

CS", Cambrian Shales. Q,:

YC"
: quarries.

Lower Volcanic Conglomerate.

Upper Volcanic Conglomerate.

C. Little crags. //. Fault.

kaolin and quartz. This ash is again seen to the S. of Moel-y-

Golfa, and in one or two isolated spots to the N.E. It passes up
into andesitic conglomerate, and that, in a quarry at the foot of

the hill, into 10' of volcanic grit without pebbles, followed by sand-

stone and shale with hard grit bands containing Pentamerus ; a

faidt obscures the exact relations of the two groups.

The lowest beds seen in Moel-y-Golfa are lavas of an andesitic

type, well exposed in the great crags at the S.W. end of the hill.

Similar lavas are seen to succeed one another on the S.E. side, one

of the lowest of them being amygdaloidal, to a total thickness perhaps

of 400 feet, until, at about 650 feet from the summit, they are fol-

lowed by ashy beds and these by conglomerates, both of which wrap
round the S.W. end of the hill ; these are visible in the crags and
quarries on and near the Welshpool road. The ash, when not of

the china-stone type, is obviously formed of the same materials as the

lavas of the hill, and the conglomerates, in which I have measured
fragments 2 feet long, are composed of lumps of the same rock.

The hill is very abrupt at its S.W. extremity, and the ashes and
conglomerates do not thin out as they do northwards, but are re-

placed on the plain by the shales of Trewern, like those found else-

where beneath the conglomerate, suggesting that the beds are cut

off by a fault; but there is no additional evidence of this unless we
consider the absence of the black grit of Belleisle Brook to be such.

At Oefn, near Buttington, there is an inlier, probably of the same
rocks, associated with an intrusion of diabase. The quarries show
shivery grey shales interbedded with grits often baked to quartzite

and very much contorted by the intrusion *.

Prom this description .it will be seen that the centre of volcanic

activity was at Moel-y-Golfa, where the lavas occur and near to

which the ash beds are thickest, while further north the area was
for the most part submerged, becoming occasionally shallow for the

formation of conglomerates and even at times upheaved to receive

* Silurian System, 292.
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the ashes. Some bosses of rock on Moel-y-Golfa may be intrusive,

but I have found no conclusive evidence of this ; most of them are

certainly lavas and have suffered denudation to form the conglome-
rates.

IV. SiLUEiAN EocKs (SeclgwicJc).

These occupy an area S.E. of the ridges, and closely overlap the

Cambrian rocks, particularly on the flank of Middletown Hill, where
the lowest beds are exposed. It is extremely unfortunate that,

though these rocks are in close proximity to exposures of the volcanic

conglomerate, the actual base and the character of the junction cannot

be determined. The lower rocks, exposed in a lane leading from
Middletown to the Barytes mine, consist of greenish-brown, rather

tough, thin-bedded mudstones, and soft sandstone much stained with
ochre and containing a few quartz pebbles and some hardened,

impure siliceous concretions and beds ; they are barren for the most

part, but have yielded a few shell-casts. The strata dip at 35° S.

30° E., and about 250 feet are exposed. I have found the following

fossils, most of which Dr. Davidson has kindly examined for me :

—

Pentamerus glohosus ?, Sow.
oblongus, Sow.

undatus, Sow.
Athyris ? sp.

Orthis rustica?, Sow.

—r-> sp.

Leptaena transversalis, Wahl.

Strophomena rhomboidalis, Wahl,

together with a Gasteropod and a small Brachiopod of an unknown
genus, but resembling Trijplesia. These fix the age of these beds as

May-Hill, and so there must be a marked break between the Cam-
brian and Pentamerus-beds, and an unconformability of which the

slight change in dip gives little evidence.

Faults which bear barytes traverse Middletown Hill to the N.E.

of this exposure, coursing ^. 35° W. and S. 35° E., and introduce a

slip of similar rocks between the Cambrian rocks. In this strip I

have found :

—

Petraia subduplicata ?, M'Coy.
Pentamerus oblongus, Sow.

There are no exposures to show what immediately follows these

beds, but the next rock seen is a purple shale, shown in the small

brooks near Middletown Schoolhouse and the New Inn, and in the

brook which rises near the Pour Crosses Inn. It is a purple shale,

soft and micaceous, containing green bands and concretions. N"o

fossils have hitherto been found in it. It dips S. 10° E. at from

35° to 50°, and appears to be about 200 feet thick, while the total

thickness from the lowest May-Hill beds exposed to the top of this

shale cannot be much less than 660 feet. • The upper part becomes

greyer and more concretionary till it passes into the ordinary grey

Wenlock shale. The purple beds have also been recognized along

the brooks and roads around the Buttington inlier, but I have not

yet recognized Pentamerus-beds there. The position, appearance,

and character of these shales link them with the purple shales above
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Hall Mill,

Brook.

Eoad. 1

Pentamerus-beds in Shropshire, and they are the probable equivalent

of the Tarannon shales of ^orth Wales.

The Wenloek shales follow, and they are of importance from their

position as showing a transition from the calcareous development in

Salop to the arenaceous type in Denbigh. They are admirably dis-

played in road- and railway-cuttings, small quarries, and a number
of transverse streams which flow down from the Long Mountain. I

have not yet been able to work out these rocks in great detail,

still less to follow the zones to the S.E. side of the synclinal, but

I hope at some future time to

return to this, the abundance of

Graptoliies giving promise of use-

ful results.

I have run four sections across O
these beds from N.W. to S.E., rl

between the ]N'. of the area and ^

Buttington, and they show a pretty ^
regular succession and palaeonto- "^.

logical development, such as en- .S

ables us to compare them vrith ^
other areas. ^

Beginning at the N. (fig. 2), a ^
number of sections are laid open ^
along the brook running from Har- _^.

grave Wood to Middletown. At the g
• • •

1.

junction of this with a tributary ;^

flowing past the schoolhouse, the ^^

lowest beds of concretionary, grey, -S

calcareous shale (a) contain a few '^^

undeterminable shells, and dip
<2>

S. 15° E. at 32°. A little further ^
up, where the brook crosses the "-^

railwaj^, are similar shales (b) with ^
concretions (2 feet across) dipping |
10° S. 10° E., and containing the |
following Graptolites, which, to- ^
gether with others shortly to be §
mentioned, have been kindly de- -^

termined by Prof. Lapworth :

—

?

Brook.-

Quarry.-

Eoad.

Eailwav.

Brook.

Cyrtograptus, sp.

Monograptus priodon, var.

Flemingii, Salt.

These are Lower Wenloek
forms. Further up, where a

branch from Winnington Green
enters, in a smaU quarry, are

finer bedded shales (c) which dip

S. 60° E. at 56°, and contain-

so

I

Tributary.

Lane.
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Monograptus basilicus (dubius,

priodon, Bronn.
vomerinus ?, Nich.

Calymene, sp.

CQCuUella, sp.

Ortlioceras angulatum, Hising.

all fossils belonging to tlie Upper Wenlock. Above this the beds
get gradually more sandy and flaggy, as though the sea were slowly
shallowing. ISTear the E,ose and Crown Inn is a capital exposure in

these upper beds {d), concretionary brown mudstones dipping 40° S.

20° E., and yielding :—

Monograptus colonus, Lapw.
leintwai'dinensis. HopJc.

Entomis tuberculosa, Jones.

Orthoceras, sp.

These fossils belong to the Lower Ludlow rocks, and must be
classed with them. At the Hall Mill above this spot are brown and
dark-grey sandy mudstones, finely laminated, with some calcareous

bands (g) dipping 40^ S. 25° E. Here I have found no fossils.

A second section runs from Coppice House, near Middletown
Station, through Glyn to Trefnant, and shows a very similar suc-

cession. At Coppice House the grey shales dip 63° S. 20° E., and
have yielded :

—

Monograptus vomerinus, Nich.

Orthoceras subundulatum ?, Portl.

On the larger brook, where it receives tributaries from Glyn
Common, massive concretionary shales are exposed in a quarry and
have a slight dip to IST.W. In these I have found :

—

Monograptus colonus ?, Lapw.
S'ilssoni, Barr.
priodon, var. Flemingii, Salt.

Orthoceras subundulatum ?, Fortl.
;

a very curious mixture of forms, of which the first ranges from

Upper Wenlock to Lower Ludlow, the second belongs to the Upper
Ludlow, and the third to Lower and Upper Wenlock. So these beds

may come between Lower and Upper Wenlock. Half a mile further

S.E., on the brook from Trefnant, are exposures of shales, with dips

varying from S. 65° E. to S. 20° W. at low angles. jS'ear to Trefnant

these beds contain the following Lower Ludlow fossils :

—

Monograptus Nilssoni, Barr.

Salweyi, Hopk.

A third section runs from Llwyn-Melyn farm past Dingle Mill to

the County Bridge on the high road from Woolaston to Welshpool.

In the lane from Trewein to Dingle MiU, and in the railway-cutting

near Llwyn-Melyn, are the usual hard, grey, calcareous shales, very

concretionary and dipping S. 20° W. at 38°. They contain

—

Monograptus (like colonus, Lapw.)
Cardiola interrupta, Brod.

Orthoceras subundulatum, Portl.

Concretionary shales dip up Dingle Brook at 28° S. 5° E., and in
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a quarry near the old mill, marked by an arrow on the Survey Map,
I have obtained

—

Monograptus colonus, Lapw.
Orthoceras, sp.

Above this are sandy laminated shales, exposed at the County Bridge,

dipping 49° S. 10° E.

A fourth section goes S.E. from Sale, near Buttington, to IJcheldre,

and shows purple shales at the base wrapping round the little anti-

clinal of Cambrian rock ; these pass up by alternations into grey

Wenlocii shales, but all these rocks are much contorted near the

Cambrian patch. Fossils are found in the Lower Wenlock of Sale

—

Mouograptus vomerinus, Nich.

Orthoceras subundulatum ?, Port.

Near IJcheldre a quarry with shale dipping 40° S. 20° E. yields

—

Monograptus Eoemeri, Barr.

;

and the neighbouring brook running to Lower Heldre, where it

crosses the road, shows dark grey shales with

—

Atrypa reticularis, Lmn.
Ehyncbonella nucula. Sow.

boreahs, Schloth.

So we must class these beds with the Upper AYenlock.

Summing up the Silurian, there seem to be 5 zones :

—

TT 1 .
• [1. Pentamerus Beds 1 r^ncMValentian .- ^ 2. Purple Shales ^ ^^^

3. Lower Wenlock
Salopian < 4. Upper Wenlock j- about 2500'.

[ 5. Lower Ludlow

To zone 3 belong the beds with Cyrtograpsus (?), where Hargrave
Brook crosses the railway, the beds of Coppice House and Sale. We
must place between 3 and 4 the rocks of Glyn and Llwyn-Melyn.
To 4 belong those of Winnington (c), Mill on Dingle Brook, and
IJcheldre ; and the beds of Trefnant and the Hose and Crown must
be grouped in 5.

Although the Silurian usually dips at a lower angle than the

Cambrian, particularly near the junction, the variation in dip is so

great that we cannot use this as any proof of unconformability ; but

quite sufficient exists in the presence of bands containing Middle Bala

and May-Hill fossils respectively, so near to one another as in the

different exposures in Middletown Hill and to the south.

y. Igneous Hocks.

1. Older Series.

These occur in Moel-y-Golfa, and are for the most part well

exposed on its crags. They appear to consist of a set of lavas

belonging to an andesitic type, somewhat of the character of the

andesites described by Mr. Teall in his paper on the Cheviot rocks* ;

but I think it highly probable that some of the steeper bosses of rock
* Geol. Mag. dec. ii. x. p. 100 et seq.



540 W. AV. WATTS OK THE IGNEOUS AND

may be intrusive and take the place of the pipe of the old volcano.

Of this, however, I have no further evidence than the sudden disap-

pearance of the lava to the S.W. We might expect such rocks to

be more highly crystalline than the others ; but this need by no
means necessarily be the case, for the amygdaloidal character of the

more basic rocks, shortly to be described, shows that those parts at

present exposed could not have been subjected to very great pressure,

but probably cooled near the surface.

Macroscopically these rocks are dark grey or dull greenish in colour,

weathering light brown or white, sharply jointed, sometimes columnar
(as in the N-W. flank of the hill, where the columns are from 2 feet

to 18 inches across) and often traversed by platy joints at right angles

to the columns. They reveal a dead ground-mass with small por-

phyritic crystals of felspar—pink, white, or green, rarely more than
•1 inch in length—and black crystals of pyroxene, generally smaller :

these are well shown on polished surfaces. Often the felspars look

broken and rounded, and tempt one to think there may be ash-beds

amongst the lavas ; but though I have most carefully searched for such

beds in the field and with the microscope, I have been unable to

obtain conclusive evidence on this point, even the most fragmental-

looking to the eye giving evidence under the microscope that they

are merely lavas in which the crystals have been a little knocked

about ; and Prof. Bonney, who has most kindly examined several of

my most typical specimens, entirely concurs in this conclusion.

Microscopically, these rocks present only varietal differences, so that

general descriptions will suffice.

1. Felspar. The smaller crystals have frequently perfect angles

and edges ; the larger are often broken or incomplete, at least at one

end. There are generally two kinds present :—first, large crj^stals

showing polysynthetic twinning; these are generally in the minority;

but when this is the case the felspars have undergone much altera-

tion, and thismay havemasked the twinning; secondly, singly twinned

or untwinned crystals, sometimes quite like sanidine in their glassy

clearness, cracks, and inclusions ; but Prof. Bonney thinks these are

generally plagioclase : probably both kinds are only labradorite. They
are both much altered, chiefly to kaolin; and often this alteration

following the almost rectangular cleavage-cracks, has isolated

small spherules of unaltered mineral. Inclusions are very common,
and usually the matter of the inclusions closely resembles the

base of the rock ; and even when it differs, it is seen to be only in a

slightly different state of alteration, for transitions may be traced.

In the specimen, which looks, when weathered, most like an ash (from

the S.E. crags, 300 feet* from the summit), the inlets of the base are

most obviously connected with growth ; for from their shape they

could not be accidental fractures, as a glance at fig. 4 will show. In a

specimen taken at the northern end, 400 feet from the summit (fig. 3),

Prof. Bonney noticed a little epidote and serpentinous aggregates

enclosed in the felspar, and the latter are pretty common in other

specimens.
* These, and the other distances given, express vertical height.
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Fig. 3.

—

Fehpar-cnistal in andesite at N. end of Moel-y-Golfa,

^00 ft. from summit^ showing fractarea of crystal (a) and inclitsion

of serjpentine (b).

Fig. 4.

—

-Edge of felspar crystal showing inclusions of base.

v\.

«v^^AA^^

2. Pyroxene. There are two forms of this mineral present

:

(a) Rhombic pyroxene, in octagonal or elongated sections, indicating

a good development of pinacoidal faces truncated by those of the

prism. There is a good cleavage parallel to the best-developed

pinacoid, but no trace of any other cleavage. The crystals are ter-

minated by oblique faces, probably domes, which are generally only

developed at one end of the crystal. The structure is slightly

fibrous, and there are curious lamellae of darker green mineral gene-

rally parallel to the principal pinacoid. It is slightly dichroic,

passing from greenish yellow, when the cleavage is parallel to the

short axis of the nicol, to light straw-yellow when placed at right

angles. The maximum extinction takes place when the cleavage is

parallel to one of the vibration-planes of the crossed nicols, and the

polarization colours are not of a very high order. It occurs in

crystals of all sizes, retaining its shape do'w^n to the smallest prisms. It

is best observed in its unaltered state in the great crags running round

the E. and S.E. side of the hill, at a vertical distance of from 300 to

400 feet from the summit, but in an altered state it occurs in almost

all the lavas, being replaced by a green or brown serpentinous

pseudomorph, in the manner so admirably figured by Mr. W. Cross*.

The serpentine needles frequently have a radial arrangement, and

there is more alteration in the large than in the smaller crystals.

* Bulletin, United States Geol. Suit. I. 1885, pi. ii. fig. 8.
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In some of the specimens minute short needles of green mineral
occur, arranged parallel to the pinacoid ; in others they are longer

and look more like distinct twins ; exactly similar needles are fre-

quently sown broadcast through the ground of the rock. They are

somewhat opaque, and it is difficult to determine anything definite

about them ; they appear to be dichroic and to have a high extinc-

tion-angle, so they may possibly be an abnormal form of augite.

The hypersthene described by Mr. Whitman Cross * shows pris-

matic cleavage ; that noticed by Mr. Teall from the Cheviots f
appears to have no pinacoidal cleavage ; the hypersthene in a Mont-
serrat lava described by Mr. Waller J, too, shows prismatic as well

as a brachypinacoidal cleavage ; and all these are different in colour

and in polarization-tints from the mineral here described. On the

other hand the enstatite of Eycott Hill, described by Prof. Bonney §,

is like this in shape, colour, cleavage, fibrous structure, and altera-

tion, so that the mineral is some form of enstatite or bronzite.

Prof. Hosenbusch too speaks of a similar mineral with pinacoidal

cleavage.

(b) Monodinic pyroxene. In the best-preserved specimens there

is often sufficiently preserved to be recognizable a considerable

quantity of augite, though the enstatite predominates over it. It is

often altered to greenish chloritic products, and even further to

calcite.

3. Amphihole. In one or two of the slides there is pretty cha-

racteristic brown dichroic hornblende, and in many of them are

elongated and basal sections which, though very highly altered, must,

from their outline, be referred to this mineral.

4. Magnetite, Ilmenite, and Hamatite, are all of them present, the

second probably in greatest quantity, in distinct crystals generally

of a fair size though often in quite minute grains. Haematite is

common in the felspars and pyroxenes where the rock is in an

exposed situation, and tints the crystals and cracks with its charac-

teristic colour.

5. Black mica has been suspected by Prof. Bonney in at least one

of tbo slides, but it is evidently a rare accessory.

6. Apatite occurs, too, in several of the specimens, in clear elon-

gated needles, and is evidently a product of early consolidation.

7. There are many alteration-products, mostly of a serpentinous

nature, but some are clear and bright and colourless.

The ground-mass of the rock is a close felt of colourless micro-

liths apparently of felspar ; it breaks up into a pale mosaic between

crossed nicols ; amongst these are innumerable opaque, whitish and

greenish bodies, whose presence renders it exceedingly difficult to say

whether the base has any glass left in it. I have been unable, after

the most minute search, to detect any unindividualized glass in the

matrix, though in a few base inclusions in the felspar I think there

* W. Cross, he. cit. p. 21.

t Teall, Geol. Mag. dec. ii. vol. x. p. 103.

+ Waller, ihid. p. 291.

§ Bonney, Geol. Mag. dec. iii. vol. i. p. 77.
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is a little still left. That it has once been a glass, I think, admits

of little doubt. In some of the specimens were indications of flow-

structure ; out of this magma the pyroxenes appear to have crystal-

lized first, and then the felspars. The average sp. gr. of the rocks

is 2-66.

This description makes it pretty evident that we have here a group

of andesites of that type becoming so widely known now as bearing

rhombic pyroxene. This particular group appears to deserve the

name of enstatite-andesites, or some might prefer to call them
enstatite-porphyrites. Prof. Bonney says, " I could imagine some of

the lavas I have from the Andes getting to look like this rock ;" and
the resemblance between their structure and that of the Eosenau
andesites is most marked.

Most of them are undoubtedly lava-flows, and have been denuded
to form conglomerates, the pebbles of which obviously consist of

this rock, and the microscope completely confirms the identification.

The ashy matter in which the pebbles are imbedded consists of

broken crystals, like those in the andesite ; and the Middletown ash

might have been formed from such felspar crystals as occur in it. It

is, as I have stated before, highly probable that some few of the

bosses of rock may be intrusive. There are one or two small veins

of it, too, intruded into the ash of Middletown quarry.

2. Neiuer Series.

Belan Bank, two hills IN", and S. of the chapel at Bausley—the latter

connected with Brimford Wood by dykes—Eodney's PiUar HiU, the

Criggan, Poel Coppice, the Little Garreg near Trewern, a small

rock near Cefn, at Buttington, and a small intrusion on Bulthey Hill,

are all composed of varieties of intrusive igneous rock.

Macroscopically, it varies from dark grey rock, in which there are

obvious crystals of pyroxene and felspar, to a green type, in which
the crystals are less obvious and more decomposed. One rock in

Brimford Wood contains a much elongated variety of augite and large

felspars, so that it looks at first rather like a gabbro. Amygdaloids
occur commonly, particularly at Eodney's Pillar Hill, and there are

similar rocks right dovni to the base of the hill, which I examined

in the company of Mr. Silvester and some others of my students

;

occasionally the vesicular structure is deceptive and due to the sur-

face-weathering of some of the minerals ; but in all the massifs some
true amygdaloids can be found. The rock usually weathers brown,

and is divided into large irregular columns on the summit of Eodney's

Pillar Hill. The varieties group themselves under three main heads,

so descriptions of specimens from a few typical localities will give

the best idea of the structure of the rocks.

(ci) Eodney's Pillar Hill, Criggan, Belan Bank, and Trewern,

This type is green and shows lath-like felspars and pyroxene ; it is

granular in aspect, and there is not the obvious ground-mass of the

andesites. It is often amygdaloidal, the kernels consisting of calcite.

The rock is often ophitic in structure, but frequently there are

spaces between the minerals occupied by opacite, apparently an

Q.J.G.S. No. 164. 2q
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alteration-product. There are often two generations of felspar,

larger lath-shaped porphyritic crystals and small microliths ; both
appear to be labradorite, though they are a good deal decomposed
into greyish granular products : occasionally there are inclusions of

serpentine in the felspar.

The Pyroxene is of two kinds. Colourless augite with marked
cleavage- and growth-lines, often twinned, occurs in large and small

irregular grains polarizing with bright colours and giving the usual

high extinction-angle of augite ; it fits in betw^een the other consti-

tuents. Grains of rhombic pyroxene are also present in great

quantity, though generally much decomposed ; it is green, fibrous,

and dichroic, changing from fuU green to light straw-yellow, and
with one marked cleavage, so that it is the mineral that charac-

terizes the andesites, namely, enstatite. It is altered generally into

brownish fibrous matter, and still further into a mass of serpentine.

The enstatite is present in much greater quantity than the augite.

Many scattered grains and crystals of magnetite and ilmenite are

present, having evidently consolidated first, followed by the felspar,

and that by pyroxenes, of which the enstatite probably solidified

earlier than the augite. A highly altered form of this type presents

the same characters, while the augite remains unaltered ; the serpen-

tinous products in shape and structure suggest the form of enstatite

rather than that of olivine ; opacite occupies the spaces between the

crystals. A good deal of calcite is present in some of them, in-

vading the serpentine first and then the felspar.

The average sp. gr, of the rock is 2-7. It must be called an ensta-

tite- diabase or dolerite.

(6) HiUs J^. and S. of the Chapel in Bausley village. This is the

dark-grey variety showing large distinctly twinned felspars and

obvious pyroxene. It looks much like the Whin-Sill diabase, but the

resemblance disap^oears under the microscope, which also reveals that

a greater change has taken place in the rock than would be suspected.

The structure of the rock is generally ophitic, the two principal

ingredients being closely crystallized together ; but occasionally there

are felspar microliths or opacite between the crystals. There is an

unusually large proportion of jolagioclase in large crystals, but the

pyroxene is almost unrecognizable ; I think, however, I make out a

little augite, and there are the usual serpentinous replacements which

suggest the presence of enstatite, though often the grains are edged

with calcite. The serpentine fibres are arranged in little radiating

groups, and opaque whitish stuff often occurs between the crystals,

probably an alteration-product. The sp. gr. of this rock is 2-697.

(c) A variety appears in Brimford Wood, apparently in segregation-

veins, which is rather different from the other types. The structure

is ophitic, large crystals of three minerals having formed together.

The felspar is much decomposed, but is evidently plagioclase, the

augite in large clear colourless crystals, and there is a serpentinous

mineral in great quantity which might be a replacement of olivine

or enstatite, but Prof. Bonney, who has seen the slide, thinks proba-

bly the former, and mentions rocks from Worth Wales rather like
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this one. Where thrust in thin dykes into the shales, large felspars

are still visible, but they are set in a microcrystalline matrix com-
posed of small felspar crystals and calcite, which latter has taken the

place of all but the felspar, and even attacked that. This rock is

either an eustatite or olivine diabase.

These rocks are all intrusive into the Criggion shales surrounding

them, and evidence of this is abundant throughout the district. On a

small branch of Belleisle Brook the subjoined section (fig. 5) shows the

Fig. 5.

—

Section in small trihutary of Belleisle Brook.

(Length 15 feet.)

D. Diabase intrusive in shale, S'.

S". Fragment of shale caught in diabase.

intrusion of diabase, and at least two other distinct veins of it have

been found in other parts of this brook and its tributaries, connecting

the Brimford Wood with the northern massifs. Then, again, the

actual contact is seen to the west of the Criggan, where the diabase

alters the shales very considerably at contact. A thin section of

shale taken from this spot shows a development of small scales of

white mica and of greenish brown dichroic mica parallel to the

lamination ; but the most interesting feature is the incipient breccia-

tion of the rock by a number of minute faults evidently caused by
the violence of intrusion. The faults vary in throw from -2 to -03

inch, and some of the very smallest may be as little as '006 inch in

throw ; most of them are normal, but the largest and a few others

are reversed—I count 14 of them in a specimen 2 inches long. On
the S.E. side similar hardening takes place, the shales often being

burnt red ; but I cannot recognize any secondary crystallization. At
Trewem and round Eodney's Pillar Hill the shales are also much
contorted and hardened near the junction ; in the quarry near But-

tington station sand-beds are converted into quartzite.

As to the age of the diabases, we cannot do much more than con-

jecture. In no place do they actually traverse Silurian rocks, but

near Buttington the later rocks are as remarkably distui"bed as the

Cambrian, and I trace this disturbance to the intrusion of igneous rock.

If they are really post-Silurian it is very difficult to assign their

exact age ; for in this part of the country most of the post-Silurian

igneous rocks are later than early Carboniferous, and are dolerites

much less altered than these, and with a different mineral composition

and structure. It is of course possible that they may belong to the

2q2
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Old Ked Sandstone period ; but snch rocks are absent from central

England. There is one area which may afford some cine to this

question, and that is the N'.W. corner of the Corndon district, where
similar diabases break through Cambrian and Silurian rocks. I
have already begun to work there with the object of determining

this point amongst others, but have not yet arrived at any suffi-

ciently definite results.

Disctrssiox.

Prof. T. Etjpeet Jones, while thanking the author of the paper,

suggested that he should refer to the several groups of strata

rather than use the names Cambrian and Silurian, the appli-

cation of which is uncertain. Avoiding that subject, he wished to

ask about the nodular trap-rock on the Shrewsbury road at the foot

of the Breidden.

Mr. Cole had examined the Corndon masses and found a striking

similarity between them and the rocks described by the author.

He had himself found enstatite in the Corndon rocks, among
which were probably some andesitic glasses.

Mr. Teall congratulated the author on his valuable paper. He
would like to see some agreement as to the use of the terms ande-

site and porphyrite. Most of the so-called porphyrites that he had
examined were merely altered andesites, and he was at present in-

clined to use the term in this sense. If this view were adopted, then

the interbedded igneous rocks described by the author would have

to be called porphyrites. This, however, was a very trivial

criticism. The intrusive enstatite diabases were probably very

similar in chemical composition to the altered andesites.

The AuTHOE said that he had endeavoured to avoid the difficulties

about understanding the sense in which " Cambrian " and " Silurian"

were employed, by using local names for the several rocks. He
thought the term porphyrite might be restricted to certain classes of

altered andesites.
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41. On the Correlations of the " Citriositt-Shop Bed " in Canter-

bury, !N'ew Zealand. By Captain F. W. Hutton, F.G.S.

(Eead June 24, 1885.)

The Eiver E-akaia, after leaving the mountains, flows in a south-

east direction across the Canterbury Plains. In cutting its way
down through the shingles and silts of these plains, it has come
across and exposed on its left bank a small patch of calcareous and

arenaceous rocks, which are so full of fossils as to have given the

name " Curiosity-Shop " to the locality. It is situated between five

and six miles below the bridge over the Eakaia Gorge.

I visited the Curiosity-Shop in February 1873, and made the

accompanying section (fig. 1). All the exposed beds dip 20° E.S.E.,

and they appeared to me to belong to a single series.

Pig. 1.

—

Curiosity-Shop on the left hank of the RaTcaia River,

(Length about 40 yards.)

N.W. S.E.
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1. Eiver gravels : the upper part coarse shingle; the lower yellow sand and
small shingle.

"1. G-rey soft sandstone.

3 and 4. Calcareous sandstone, with green grains in the upper part, with ir-

regular layers and pockets of clay in the middle portion. (Fossils.)

5. Brown soft sandstone.

Mr. A. M'^Kay, of the Geological Survey, has given a detailed

description of these beds *, which I have embodied in the foUowing
Table :—

1. Eiver-gravels.

Pareora Series.

2. Loose grey quartz sands, 15 feet thick, with a bed of badly
preserved shells.

Upper Eocene Series.

3. Soft calcareous sandstone, 10 or 12 feet thick; in the
upper part highly charged with glauconite

; passing

downwards into irregular beds of tufaceous clay.

* Eeports of Geological Explorations, 1879-80, p. 77.
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4. Calcareous sandstone without glauconite grains.

5. Loose grey or yellowish-brown sands ; 35 feet thick.

Nos. 2 and 5 are much obscured by shingle-slips from the high
river-bank.

The upper part of l^o. 3 is the principal horizon for fossils,

although they are also found in ISTo. 4. A list of the fossils obtained

by Mr. M^Kay is given in his Eeport, in which he remarks that " all

the shells and other fossils collected come from the highest of the

upper calcareous rocks (^o. 3). The overlying loose sands have
been removed from an area some 30 feet in length by 10 feet broad,

and on this surface a great number of the smaller shells &c. were
picked up. Collecting these, I next turned over a considerable

amount of the soft underlying rock, and in this I obtained many
species, which, in weathering out, suffered so much damage that, as

weathered specimens, they were not worth preserving. With the

exception of Lima Icevigata, the lower fossiliferous beds (jSTo. 4)
appear to differ mainly in the absence from them of many of the

forms found in the higher beds ; and the fossils in this lower part

of the calcareous rocks being difficult of extraction, I contented

myself with those more easily obtained from the higher beds " (1. c.

p. 80). In the Canterbury Museum, however, there are specimens

of Lima Icevigata from the glauconitic limestone (No. 3), and so it

seems that No. 4 has not a single fossil which is not found in No. 3.

Consequently there can be no palseontological reason for putting

these beds into different systems.

Mr. McKay's reasons for dividing the beds are the following :

—

He considers the lower sands (No. 5), from their appearance, to be

the same as certain sands in the Malvern Hills, which are striking

in the direction of the Curiosity-Shop, but are some four or five

miles distant. These sands in the Malvern Hills form the upper

part of the coal-measures, and are generally acknowledged to

belong to the Waipara System. Mr. M^'Kay then points out that the

sands in the Malvern Hills are covered by anamesites, which,

according to Dr. von Haast, are identical with anamesites inter-

bedded with the " Weka-pass limestone" at Timaru, 60 miles to the

south. " With this," he says, " the unavoidable conclusion as far

as the sandy beds are concerned, I cannot but agree, and am there-

fore bound to consider the lower sands at the Curiosity-Shop as

belonging to some part of the Cretaceo-Tertiary series" (I. c. p. 78).

The upper calcareous bed (No. 3) he considers, from its fossils, " to

belong to the ' Hutchinson's-Quarry beds,' or the Mount-Brown
limestone, the higher beds of the section being referred to the

Pareora formation, which everywhere succeeds with apparent con-

formity." And so he advances to this conclusion :
—" There is a

necessity for having an unconformity somewhere in this section,

since it cannot be supposed, with the evidence to the contrary which

has already been adduced, that the Pareora beds are conformable
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to the lower beds of the Cretaceo-Tertiar}' series f. It remains,

therefore, that the unconformity must be placed either below the

limestones and calcareous greensands altogether, or—where I incline

to put it—between the upper and lower parts of this division."

Accordingly in his section he shows No. 3 quite unconformable to

No. 4.

I have given Mr. McKay's argument as fairly as I can ; but it will

be unnecessary to criticise it, although it is favourably noticed by
Dr. Hector {I. c. p. xvii). I have mentioned it to show how slight

is the foundation for introducing an unconformity into this section,

which is published by the Survey, and reproduced by Dr. Hector in

his Progress Report. As the fossiliferous bed, No. 3, is allowed by
Mr. M*=Kay and by Dr. Hector (' Geological Reports,' 1883-4, p. xiii)

to belong to the Oamaru series, it does not matter for my present

argument what age the underlying beds are supposed to be of. My
object is to attempt to correlate bed No. 3 with other rocks in

Canterbury and Otago. Through the kindness of Dr. von Haast, I

have been allowed to examine all the Tertiary New Zealand fossUs

in the Canterbury Museum, and consequently T am in a position to

make a more complete list of the Curiosity-Shop fossils than has

hitherto been given, and to add several species to the list from the

Weka-pass stone. Dr. Hector has also allowed me to examine the

Ototara fossils in the Wellington Museum, so that I can now give a

tolerably correct list of them also.

List op Possils peom the Ctjkiosity-Shop.

* Species marked with an asterisk are also found in rocks recog-

nized as Cretaceo-Tertiary by Dr. Hector in Geol. Reports,

1881, p. 118, xc.-vi. h.

Veetebeata.

*PALiEETJDTPTES AKTAECTicus, Huxley, Quart.. Journ. Geol. Soc.

1859, p. 670.

These specimens have been determined by Dr. Hector (Geol.

Reports, 1879-80, p. xvi); also found in the Ototara building-

stone ; at Brighton on the west coast ; and at the horizon of the

Weka-pass stone at Amuri Bluff.

*CAECHAEODOif ANetTSTiDENs, Agassiz, Poiss. Foss. vol. 3.

Found also in the Weka-pass stone ; in the Waihao limestone
;

and in the neighbourhood of Oamaru, the exact locality not known.

MolluscA.

SiPHOT^ALiA LiLATATA. Quoy and Gaimard {Fusus)^ Yov. ' Astrolabe,'

Zool. ii. p. 498, pi. 34, f. 15, 16.

Reported by Mr. M'^Kay. I have seen no specimens. This

species is still living, and extends through the Wanganui and

Pareora systems.

t Op. cit. p. 80.
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^Anczllaeia atjstealis, Sow. ; Reeve, Conch. Icon. f. 7.

Eeported by Mr. M^'Kay. I have seen no specimens. This

species is still living, and extends through the Wanganni and
Pareora systems. According to Mr. M^'Kay it is also found in the
Cretaceo-Tertiary beds at Trelissic Basin (Greol. Eeports, 1879-80,

p. 70).

*VoL"aTA PACiEiCA, Lamarck ; Quoy and Gaimard, Yoy. * Astrolabe,'

Zool. ii. p. 625, pi. 44, f. 6.

Reported by Mr. M'^Kay. I have seen no specimens. This
species is still living, and extends through the Wanganui, the

Pareora, and the Oamuru systems. It is also found in the Weka-
pass stone, in the Ototara limestone, and at Caversham, in rocks

considered as Cretaceo-Tertiary by Dr. Hector.

*Maegikella dtjbia, Hutton, Cat. Tertiary Moll, of iN". Z. 1873,

p. 8.

Eeported by Mr. M^Kay. Also found in the Cretaceo-Tertiary

rocks of Trelissic Basin (I. c. p. 70).

*Cassis sekex, Hutton. Cat. Tertiary Moll, of N. Z. 1873, p. 11

(StrutJiiolaria).

Better specimens have enabled me to refer this shell to its true

genus. It is also found at Caversham and in the Weka-pass stone

;

also in the Hutchinson's-Quarry beds at Oamaru ; and in the Pareora

system at Pareora.

N'atica solida. Sow. in Darwin's Geol. Obs. in S. America, p. 225.

Pound commonly in the Pareora system ; in the Otakaika lime-

stone, and, according to Mr. M*^Xay, in the Upper Eocene, and
doubtfully in the Cretaceo-Tertiary rocks of Trelissic Basin.

I doubt this being Sowerby's species.

*TiJEEiTELLA GiGANTEA, Huttou, Cat. Tertiary MoU. of I^. Z. 1873,

p. 12.

Eeported by Mr. M^^Kay. It is also found at Caversham, and in

the Pareora system at Pareora.

*ScALAEiA LYEATA, Zittcl, Ecisc dcT ' IsTovara,' Geol. ii. p. 41.

Also found in the Weka-pass stone ; in the Ototara stone ; at

Aotea, and at Port Waikato. I do not see how this species is to be

distinguished from ;S^. rugulosa, Sow., from Chili.

*ScALAEiA Beown-i, Zittcl, Z. G. p. 42.

Found also at Brighton on the west coast ; at Aotea ; and in the

Pareora. system at White-Eock Eiver. No doubt it is a variety of

the last species.

ScALAEiA MAEGiN-ATA, Huttou, Traus. I^. Z. Institute, vol. xvii. 1885.

A well-marked species that has not been found elsewhere.
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*Teochila neozelanica, Lesson, Yoy. ' Coquille,' Zool. ii. p. 395.

T. maculata, Eeeve, Conch. Icon. f. 15.

Eeported by Mr. M^Kay. This species is still living, and extends

through the Wanganui and Pareora systems ; and, according to

Mr. M*=Kay, is also found in the Cretaceo-Tertiary rock of Trelissic

Basin.

Dentalittm giganteum, Hutton, Cat. Tertiary MoU. of N. Z. 1873,

p. 2.

Reported by Mr. M*=Kay. Pound also in other places in the

Oamaru and Pareora systems.

*Teeedo (?) Heaphyi, Zittel, Eeise der ' Novara,' Geol. ii. p. 45,

taf. xiv. f. 4.

Cladopora directa, Hutton, Trans. N. Z. Inst. vol. ix. p. 597.

Also occurs in the Waihao greensands, and at other places in the

Oamuru and Pareora systems.

*Panopjea orbita, Hutton.

P. plicata, Hutton, Cat. Tertiary MoU. of N. Z. 1873, p. 17 (not

of Sowerby).

Eeported by Mr. M^Kay. Found also at Eaglan, and in several

localities in the Pareora system. According to Mr. M'^Kay it occurs

in the Ppper Eocene and Cretaceo-Tertiary rocks in Trelissic Basin.

Ltjcina dentata. Wood, Gen. Conch, p. 195, pi. 46. f. 7.

Eeported by Mr. M^Kay. This species is still living, and extends

through the Wanganui, Pareora, and Oamaru systems.

Mtsia globtjlaeis, Lamarck, Anim. sans Yert. vi. p. 231.

Eeported by Mr. M^Kay. This species is stiU living, and has

not been found elsewhere in rocks older than the Wanganui system.

Crassatella obesa, Adams, Proc. Zool. Soc. 1852, p. 90.

C. Trailli, Hutton, Cat. Tertiary MoU. of N. Z. p. 24.

This species is stiU living, but has only been found in rocks

belonging to the Pareora system.

*CircuLL^A alta, *Sow. in Darwin's Geol. Obs. in S. America,

p. 2b2.

Found also at Kakanui and Eaglan, and in many places in the

Pareora system.

*Pecten WiLLTAirsoNi, Zittcl, Eeise der ' Novara,' Geol. ii. p. 50,

pi. ix. f. 11.

Pound also in the Weka-pass stone, at Aotea, Eaglan, and on the

coast south of Port Waikato. This may be the P. gemmidatus,

Keeve, mentioned by Mr. M'^Kay.
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*Pecten CHATHAMENSis, Hutton, Cat. Tertiary Moll, of N. Z. p. 29.

Eeported by Mr. M'^Kay, Pound also on the east coast of Wel-
lington, in Pareora rocks ; and according to Mr. M^Kay, in the
Upper Eocene and Cretaeeo-Tertiary rocks of the Trelissic Basin.

*Pecten- Hochstetteei, Zittel, Eeise der ' IS'ovara/ Geol. ii. p. 50,
pi. xi. f. 5 a.

Found also in the Weka-pass stone ; in the Ototara stone ; at

Caversham; Point Elizabeth; Aotea ; Raglan, and coast to the

north. Also in the Pareora system at Waikari and Motanau.

*Pecten- Htjtchin-soni, Hutton, Cat. Tertiary Moll, of N. Z. p. 31.

Found also in the Weka-pass stone ; at Kakanui, and in several

places in rocks belonging to the Oamaru system. Also, according

to Mr. M'^Kay, in the Upper Eocene and Cretaeeo-Tertiary rocks in

the Trelissic Basin.

*LiMA laevigata, Hutton, op. cit. p. 33.

Eeported by Mr. M^'Kay. Found also in the Cobden limestone
;

at Waihola gorge in Otago ; at the Heathstock-Eoad Quarry in the

Weka-pass stone ; and in the Mount-Somers building-stone.

Lima patjcistjlcata, Hutton, op. cit. p. 33.

Eeported by Mr. M^Kay. Found also at Cape Farewell.

Lima paleata, op. cit, p. 33.

Found also in the Ototara stone, and the Mount-Somers building-

stone.

Lima multiradiata, op. cit. p. 33.

Probably a variety of the last. Not known elsewhere.

Lima crassa (?), Hutton, op. cit. p. 33.

Eeported doubtfully by Mr. M'^Kay. This species is perhaps the

same as the recent L. neozelandica, Sow. (P. Z. S. 1876, p. 754).

It is found in several localities in the Pareora system.

Brachiopoda.

Terebratttla alding^, Tate, Trans. Phil. Soc. of Adelaide, 1880,

p. 5, pi. X. f. 2.

Not known from any other locality in New Zealand.

*Waldheimia lenticttlaris, Deshayes, Mag. Zool. 1841, t. 41.

A living species extending through the Wanganui, Pareora, and

Oamuru systems. Found also in the Weka-pass stone, and in the

Waihao limestone.

*Wali)heimia triangularis, Hutton, Cat. Tertiary Moll, of N. Z.

p. 36.

Eeported by Mr. M^'Kay. Found also in the Weka-pass stone,

and in various places in the Oamaru and Pareora systems.
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*Waldheimia patagonica, Sow. in Darwin's Geol. Obs. in S.

America, p. 252.

Eound also in the Cobden limestone, and in various places in the

Oamaru and Pareora systems.

*?Terebeatella sintjata, Hutton, Cat. Tertiary Moll, of IS". Z. p. 36.

Found also in the lower beds in the Trelissic Basin, and the Upper
Eocene beds at Oamaru.

*Teeebeatella Gatjlteei, Morris, Quart. Journ. Geol. Soc. 1850,
vi. p. 329.

Found also in the Ototara stone, and at Eaglan.

*Teeebeatella Stjessi, Hutton, Cat. Tertiary Moll, of N. Z. p. 37.

Terehratella, sp., Siiss, Eeise der ' jSTovara,' Geol. ii. p. 57, taf. ix.

f. 6.

Found also in the Cretaceo-Tertiary rocks of the Trelissic Basin

(M-^Kay).

Teeebeatella eueculteeea (?), Tate, Trans. Phil. Soc. of Adelaide,

1880, p. 22, pi. xi. f. 7.

I^ot known elsewhere in !N'ew Zealand.

Rhynchonella ntgeicans, Sow. Thes. Conch, i. p. 342.

A still living species extending through the Wanganui, Pareora,

and Oamaru systems.

*EHYN'CHO]snELLA SQTJAMOSA, Huttou, Cat. Tertiary Moll, of N. Z.

p. 37; Tate, Z. c. pi. ix. f. 9.

E. nigricans, Y'di.pyxidata, Davidson, Yoyage of the ^Challenger,'

Zool. i. p. 59.

A living species found also in the Cretaceo-Tertiary rocks of the

Trelissic Basin (M'^Xay).

ECHINODEEMATA.

Pentaceintjs stellatus, Hutton, Cat. Tertiary Moll. & Echin. of

jS". Z. 1873, p. 38.

Found also at the Chatham Islands.

*ClDAEIS STRIATA, HuttoU, I. G. p. 38.

Found also at Brighton on the west coast.

*EcHrNirs Entsii, Hutton, I. c. p. 39.

Also found, according to Mr. M^Kay, in the Upper Eocene and

Cretaceo-Tertiary rocks of Trelissic Basin.

Lovenia eoemosa, Zittel, Eeise der ' Novara,' Geol. ii. p. 63, pi. xii.

f. 2.

Also found in several localities in Upper Eocene rocks. Probably

not specifically distinct from L. tuherculata and L. Forhesii.
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Hemiastee (?) posiTus, Hutton, Z. c. p. 42.

Not known from any other locality.

*Meoma (?) Ceaweoedi, Hutton, I. c. p. 42.

Also found in the Weka-pass stone ; the Ototara stone ; Caver-

sham : Maerewhenua limestone, and many other places. Much like

Megalaster compressus, Duncan (Quart. Journ. Geol. Soc. 1877, xxxiii.

p. 61), which is the same as Pericosmus conipressus of M'^Coy.

MeOMA (?) TUBEECULATA, HuttoU, l. C. p. 43.

Eeported by Mr. M'^Kay. Also found in the Upper Eocene beds

at Trelissic Basin..

Betozoa.

Sele^taeia hemisph^eica, Busk, MS. (?).

Woods, Geol. Obs. in S. Australia, p. 73, pi. ' Possil Brj^ozoa,'

f. 3. Eeferred with doubt, as no specimens have been compared.

Our species is also found in the Upper Eocene rocks of Mount
Brown.

Ccelenteeata.

*Geaphtjlaeia (?) sENESCENs, Tate, Quart. Journ. Geol. Soc. vol.

xxxiii. p. 257.

Eound also in the limestones of Otakaika, Maerewhenua, and

Waihao. Identified by Dr. Hector after comparison with S. Aus-

tralian specimens (Geol. Eeports, 1881, p. xxix) ; he considers them,

however, to be spines of Cidaris.

This list contains 48 species, of which 29 or 30, including both

the vertebrates, are also found in rocks regarded as Cretaceo-Ter-

tiary by the Geological Survey. Also 22 species are found in the

Pareora system or later, of which 14 are also found in the Creta-

ceo-Tertiary series. There are 10 or 11 species not found either in

the Cretaceo-Tertiary or in the Pareora. The Curiosity-Shop beds

are therefore more closely related palseontologically to the Cretaceo-

Tertiary than to the Pareora, while the number of peculiar species is

not sufficient to make them stand separately as an Upper Eocene

system. I wiU. now, therefore, take some other localities of Cretaceo-

Tertiary rocks for comparison.

List op Eossils eeom the "Wexa-pass Stone, Noeth Cajtteebijet.

* Species marked with an asterisk are also found in the Curiosity-

Shop beds, or in acknowledged Upper Eocene rocks, or younger.

Yeetebrata.

Cetacean" bones.

*PA]isiEm)XPTEs antaectictjs, Huxley. At Amuri Bluff.

^Caechaeobon angustidens, Ag.
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MOLLTJSCA.

Atttria ziczac, var. atjstralis, M^Coy, Prodr. Palseont. Victoria,

Decade ii. p. 21, pi. xxiv.

Found also in the Kakanui limestone, and at "Waihemo in the

Shag Yalley, Otago.

*yoLUTA PAciFicA, Lamarck.

Yar. elongata, Swainson.

*Y0LirTA ATTENTJATA, Hutton.

V. elongata, Hutton, Cat. Tertiary Moll, of N, Z. 1873, p. 7 (not

of Swainson).

Pound also in the Pareora system at Pareora, and, according to

Mr. M'^Kay, in the Cretaceo-Tertiary series at Trelissic Basin.

*Cassis senex, Hutton.

ScALARiA ROTUNDA, Huttou, Cat. Tertiary Moll, of N. Z. 1873, p. 10.

Pound also at Brighton, on the "West Coast, associated with bones

of Palceeudyjptes.antarcticus and Turtle.

*SCALARIA LTRATA, Zittcl.

*Pleurotomaria tertiaria, M*^Coy, Prodr. Palaeont. Yict., Decade
iii. p. 23, pi. XXV. f. 1.

Pound also in the Ototara stone, and in the Upper Eocene lime-

stone of Mt. Somers.

*Pecten Williamsoni, Zittel.

*Pecten Pischeri, Zittel, Eeise der ' Novara,' Geol. ii. p. 53, pi. ix.

f. 1, 2.

Pound also in the Ototara stone, and, according to Mr. M'^Xay,

in the Upper Eocene rocks of Trelissic Basin.

*Pecten Hutchinsoni, Hutton.

Pecten Beethami, var. p, Hutton, Cat. Tertiary MoU. of N". Z.

p. 32.

Pound also near Caversham, near Dunedin.

*Pecten Hochstetteri, Zittel.

*Li]m:a l^vigata, Hutton.

Brachiopoda.

*Terebratula (?) BULBOSA, Tato, Trans. Phil. Soc. of Adelaide,

1880, p. 6, pi. vii. f. 5.

Waldheimia concentrica, Hutton, I. c. p. 35.

Reported by Mr. M'^Kay from the Upper Eocene and Cretaceo-

Tertiary rocks of Trelissic Basin.
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*WALDHEmiA UENTiCFLAEis, Deshayes.

*WaLDHEIMIA TEIAI^GTILAEIS, Hutton.

Waldheimia Tatxoei, Etheridge, Ann. & Mag. IS'at. Hist. 1876,
vol. xvii. p. 18, pi. i. f. 3 ; Tate, I c. pi. xi. f. 2.

EcHlSrODEEMATA.

*MEO]yiA (?) Ceaweoedi, Hiitton.

Meoma (?) BEEYiPETALATA, Hutton, Cat. Tcrtiarv Moll, and Echin.
of IN". Z. p. 43.

Eound also in the Cobden limestone.

*ScHizASTEE EOTUNDATiJS, Zittol, Eeise der ' Novara,' Geol. ii. p. 64,
taf. xi. f. 1.

Pound also in Upper Eocene rocks at Cape Earewell and Oamaru.
Also at Aotea and Port Waikato.

Cgelenteeata.

Sphenoteochtjs Huttonianus, Tenison-Woods, PalaBont. of N. Z.
pt. iv. Corals and Bryozoa, 1880, p. 10, f. 9.

*Elabelltjm EADiAifs, Ten.-Woods, I. c. p. 14, f. 13.

Found also in the Upper Eocene rocks at Oamaru.

*Elabelltjm ciectjlaee, Ten.-Woods, Z. c. p. 12, f. 7.

Pound also at Wanganui.

Of these 26 species, 12 (including 2 vertebrates) occur in the

Curiosity-Shop beds, and 8 others are found in other places in

I^ew Zealand in rocks of Upper Eocene age or younger. Of the

remaining six, two are Miocene fossils in Australia. I cannot

therefore hesitate in putting the Weka-pass stone into the same
system as the Curiosity-Shop beds. It must also be noticed that

Pecten ZitteUi, Hutton (Cat. Tert. MoU. JN". Z. p. 32), occurs in the
" Grey Marl " above the Weka-pass stone t, which must also be re-

ferred to the same series.

List of the Ototaea Possils eeom Oamaef.

* Species marked with an asterisk are also found in the Curiosity-

Shop beds, or the Weka-pass stone, or in younger rocks.

Yeetebeata.

*Pal^etjdtptes antaectictis, var. atjstealis, Huxley.

In the Ototara limestone.

MolluscA.

*Attieia zigzag, var. aitstealis, M^Coy.

In the Kakanui limestone.

t Quart. Jovirn. Geol. Soc. vol. sli. p. 274, and Oat, Colonial Museum,
Wellington, 1870, p. 190 {Pecten pleuronectes).
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*YoLUTA PACiEicA, vai. ELONGATA, Swainson.

In the Ototara limestone.

*SCALARIA LTRATA, Zittel.

In the Ototara limestone.

*PLEUROTO]VfARIA TERTIARIA, M'^Coy.

In the Ototara limestone of Cave Yalley.

*DENTALnjM Mantelli, Zittel, Eeise der ' Novara/ Geol. ii. p. 45.

D. irregulare, Hutton, I. c. p. 1.

At Mahemo. Found elsewhere only in the Pareora system.

*CFCTrLLJSA alta, Sowerby.

In Yolcanic tuff at Kakanui.

*Pecten Hochstetteri, Zittel.

In the Ototara limestone.

*Pecten Fischeri, Zittel.

In the Ototara limestone at Cave Valley.

*Pecten Hectori, Hutton, Cat. Tertiary Moll, of N. Z. p. 30.

In the Kakanui limestone ; also* at Brighton ; and according to

Mr. M'^Kay, in the Upper Eocene rocks at Trelissic Basin.

*Pecten Htjtchinsoni, Hutton.

In the Kakanui limestone, and the volcanic tuff at Kakanui.

*Pecten Craweordi, Hutton, Cat. Tertiary MoU. of I^. Z. p. 32.

In the volcanic tuff at Kakanui. Found also in the Pareora

system.

Pecten, sp. ind.

Maheno.

*Pecten poltmorphoides, Zittel, Eeise der * Novara,' Geol. ii. p. 51,

pi. xi. f. 3.

In volcanic tuff at Kakanui ; also, according to Mr. M'^Kay, in

the Upper Eocene rocks at Trelissic Basin.

*LlMA PALEATA, Hutton.

In the Ototara limestone.

Brachiopoda.

Waldheimia gravida, Siiss, Eeise der 'Novara,' Geol. ii. p. 56,

pi. ix. f. 5.

In the Kakanui limestone.
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*"WAiDHEnnA SFFPLATA, Tate, Trans. Phil. Soc. of Adelaide, 1880,
p. 18, pi. viii. f. 4.

In the Kakanui hmestone. Found also in the Pareora and Wan-
ganui systems.

*Teeebeatella Gatilteei, Morris.

In the Ototara limestone at Cave Yalley.

Magasella Woodsh, Tate, Trans. Phil. Soc. Adelaide, 1880, p. 24,
pi. X. f. 3.

Waldheimia fajoirina, Hutton, I.e. p. 36.

In the Ototara limestone at Cave Yalley. Also in the Cobden
limestone.

EcHDrODERMATA.

Mackopxetistes (?) sPATAsr&rpoEMis, Hutton, Cat. Tertiary MoU. and
Echin. of ]S^. Z. p. 40.

In the Ototara limestone ; also in the Cobden limestone.

*Meo]!IA (?) Ceawfoedi, Hutton.

In the Ototara limestone.

Here again we have 21 species, of which 11, including Palceeu-

dy^tes, are found in the Curiosity-Shop or the "Weka-pass stone ; and
of the others, six are found in the Upper Eocene or younger deposits,

leaving only four as possible Cretaceo-Tertiary forms, and these, it

must be remembered, are not identical with any Waipara fossils.

Yalley of the Waitaki.

Although I am unable to give anything like a complete list of

the fossils found in the Yalley of the Waitaki, the district is too

important to be passed over. The following are mentioned by Dr.
Hector and by Mr. M'^Kay as occurring in rocks belonging to the

Cretaceo-Tertiary series (Eep. Geol. Expl. 1881). I have also added
four others from the Waihao limestone in the Canterbury Museum.

Maerewhenua Limestone.

Kekenodon onamata, Hector, Trans. N. Z. Inst. vol. xiii. p. 435, pi. xyiii,

(1881).

Cetacean bones, in the lower part.

Pecten Hochstetteri, Zittel.

Meoma (?) Crawfordi, Hutton.

Graphulkria (?) senescens, Tate.

Flabellum circulare, Ten.-Woods.

In 1880 Mr. M'^Kay stated that the beds overlj-ing the Maere-

whenua limestone must be referred to the Cretaceo-Tertiary series

from "the character of a majority of the fossils found in them"
(Geol. Rep. 1881, p. 69) : but the next year he referred this lime-

stone with the overl}ing beds to the Upper Eocene, also on account

of the fossils found in them (Z. c. p. 103). Certainly there is no

palseontological reason for separating this limestone from theWeka-
pass stone and the Curiosity-Shop beds.
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WaiJiao Limestone.

Oarcharodon angustidens, Ag.
Waldbeimia lenticularis, Beshayes.

Eupatagus Grayi, Hutton, I. c. p. 41 ; also found in the Cobden limestone.

Macropueustes (?) spatangiformis, Hutton.

Graphularia (?) senescens, Tate.

In " Chalk-marls " below the limestoue are the following :

—

Pecten Zittelli, Hutton.

Spbenotrochus Huttonianus, Tenison- Woods.

Here the Echinoderms are different from those of the Curiosity

Shop and Weka pass, but one of them is found in the Ototara lime-

stone ; and, as the beds are underlain by rocks containing the Pecten

Zittelli and Splienotroclius Huttonianus of the Weka-pass stone, they

cannot be looked upon as indicating a greater age.

In Marly Greensands below the Limestones.

At Maerewhenua :
—

Cetacean bones.

At Wharekauri :

—

jSTautilus danicas, lyOrh. (?)*

Harpactocai'cinus tumidus, H. Woodward, Quart. Journ. G-eol. Soc.

vol. xxxii. p. 71 ; found also at Brighton, and at Double Corner, IST. Can-
terbury.

At Waihao :
—

Aturia ziczac, var. australis, M^Coy.
Pleurotoma, sp., like Pareora forms.

Limopsis, sp., Hke P. aurita, an Upper Eocene and Miocene form.

Here we have certainly a Cretaceous species in Nautilus danicus,.

but it is doubtfully identified by Mr. M'^Kay, and is probably the

ventricose form of A. ziczac.

In the Island Sandstone at Black Point.

Aneyloceras (?), sp., Hector, Geol. Eep. 1876-7, p. x.

BacuHtes (?), sp., Hector, I. c.

Belemnites (?), sp.. Hector, I. c.

Here also we get Cretaceous Cephalopoda, but all are doubtfully

determined. Mr. M'^Kay kindly showed me these fossils in the

Wellington Museum. There is, I believe, but one form. It is a

smaU, delicate, straight shell, slightly tapering, with rather close,

well-marked, transverse ribs (like Tentacidites). It looks like a

Cephalopod, but no section has been made. The siphon is said to

be marginal ; but it is obscure, and I could not satisfy myself of its

presence. There is no external appearance of lobed or foliated septa.

* Mr. M<=Kay informs me that this is the same as his so-called Ammonite
from near Greymouth, Geol. Rep. 1873-4, v>. 81.

Q. J. G. S. No. 164.
"

2 E
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It cannot be AncyJocems, "because tiie ribs are of eqnal strength all

round ; and it cannot be Baculites, because the ribs are quite trans-

verse. If it be a Cepbalopod at all, it must, I think, be a new genus,
and consequently it has but little chronological value.

Evidently, if vre can trust to palseontological evidence, the Ototara
series, both at Oamaru and in the Waitaki YaUey, together with
the Weka-pass stone, must be included in one system with the
Curiosity-Shop beds. Mr. M'^Kay certainly says of the fossils of

the Cretaceo-Tertiary series that ''in all cases these are speci-
ficaUy different from the shells found in the higher parts of the
series, which are mainly the fossils of Professor Hutton's Oamaru
formation" (Geol. Eep. 1883-4, p. 59) ; but, as he gives no name,
it is impossible to attempt to reconcile his statement with my list.

and it is opposed to his own list of the fossils of the Trelissic Basin
(Geol. Eep. 1879-80, p. 70), where about one fifth are common to

both series.

But Dr. Hector does not rely altogether on palseontological evi-

dence for separating his Upper Eocene rocks from the upper part of
his Cretaceo-Tertiary series ; he considers that an unconformity exists

between them. I have already shown that no unconformity exists

in the Weka-pass district *. I will now take the north of Otago, a

district which I examined in December 1873.

Dr. Hector says, " These higher [Upper Eocene] beds it has been
impossible to separate, either stratigraphically or otherwise, from
the Awamoa series [Pareora beds], which overlie them; whilst be-
tween this and the underlying Cretaceo-Tertiary series unconformity
is to be observed at several points, as in the Cape HiUs [Oamaru],
and at Cape Campbell {vide Peport on that district), although it may
be doubted whether the Awatere beds, which there rest unconform-
ably on the Cretaceo-Tertiary series, are the true equivalents of the
Awamoa beds, or of Upper Miocene age. Apart from this, however,
the character of the volcanic rocks at Oamaru, as evidencing the

existence of a land-surface, together with their superior position to

those of the calcareous beds of Hutchinson's quarry, with the

Awamoa beds resting conformably on them in Lime-kiln Gully,

sufS.ciently attest the unconformity, which is further supported by
the occurrence of an outlier of Awamoa beds resting upon the green-

sands and coal-grits in the Waireka Yalley"t. This argument may
be summed up as follows :—The volcanic rocks at Oamaru Cape prove

a land-surface ; consequently the Hutchinson's-quarry beds which
lie above the volcanic rocks must be unconformable to the Cretaceo-

Tertiary which lie below them. Purther, no unconformity can be

made out between the Hutchinson's-quarry beds and the overlying

Awamoa series (Pareora system) ; but at Cape Campbell (300 miles

away) beds belonging to the Pareora system (Awatere series) are

unconformable to the Cretaceo-Tertiary ; it may, however, be doubted

* "On the Geological position o£ the Weka-pass Stone," Quart. Joum. Geol.

c. vol. xli. p. 266.

t Eeport of Geological Explorations, 1876-7, p. ix.
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whether the Awatere series is the equivalent of the Awamoa series.

'Now neither Dr. Hector nor Mr. M'^Kay gives any proof of this

land-surface ; but Mr. M'^Kay told me that his reason for assuming its

existence was the scoriaceous nature of some of the rocks, which is

quite insufficient. Also I fail to see in Mr. McKay's Report any
evidence at all of an unconformity. He certainly gives a section

(No. 3) showing an unconformity ; but there must be some mistake,

as the unconformity is j^laced between the Hutchinson's-quarry bed
and volcanic tuffs which underlie the Ototara limestone, while the

argument is founded on the assumption that the tuff's overlie the

Ototara limestone. ^Yhen I examined Ototara Cape in 1873 I did

not notice any unconformity ; but I have had no opportunity of

examining the locality since Mr, M'^Kay's Eeport was published.

Cape Oamaru is formed by an old volcano, which has broken through

the Ototara limestone and was active when the marine beds of

Hutchinson's quarry were being deposited. Also the outlier of the

Awamoa series on the " Cretaceo-Tertiary greensands and coal-grits,"

in the Waireka Yalley, proves an unconformity between the Awamoa
series and the Hutchinson's-quarry beds (which are missing), and

Pig. 2.

—

Majp of the Valley of the Waitaki mid neighbouring region.

Alluvia. W^ Pareora System.
||||||||||

Limestones.

I I

Tertiary, uncertain. ^^^ Schists and Slates,

1. Waihao Limestone.

2. Otakaika Limestone.

3. Maerewhenua Limestone.

4. Ototara Limestone.

2e2
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not between these latter and the Cretaceo-Tertiary, as supposed by
Dr. Hector *.

I fail therefore to see any unconformity between the Upper
Eocene and the Cretaceo-Tertiary near Oamaru. In his Progress

Report for 1881 (Geol. Eeports, 1881, p. xxiii), Dr. Hector says,

" In the Waitaki Yalley, and in the same district as far south as

the mouth of the Kakanui Eiver, Tertiary rocks, comprising lime-

stones and calcareous greensands belonging to the Upper Eocene
period, are present, resting indifferently on various members of the

Cretaceo-Tertiary series;" and in the ' Sixteenth Annual Eeport of

the Colonial Museum,' published in 1882, Dr. Hector says that

"in the Waitaki Yalley he [Mr. M'^Kay] completely cleared up
the evidence on which the subdivision of the Lower Tertiary and
Upper Cretaceous strata had been proposed, and obtained a large

addition to the collection of fossils " (p. 7) f. I have carefully ex-

amined Mr. M*^Kay's ' Keport on the Geology of the Waitaki
Yalley ' (I. c. p. 56), for proofs of this statement, but without much
success, almost all the cases given referring to unconformity of the

Pareora system, and not to the Hutchinson's-quarry beds. The
rocks are said to be as under (see Map, fig. 2) :

—

Upper Eocene.

1. Hutchinson's-Quarry Beds : Greensands full of Waldheimia triangularis

(Hutton).

2. Otakaika Limestone : a calcareous greensand^Nummulitic Limestone.

3. Kekenodon Beds : marly greensands restricted to Wharekauri.

Cretaceo-Tertiary.

4. Grey marls : grey sands.

r r JViaerewhenua Limestone: a calcareous greensand | =Ototara Lime-

\ Waihao Limestone : a white limestone. j stone.

6. Marly Greensands.

7. Island Sandstone : loose sandy beds with bands of calcareous rock.

8. Coal-beds.

There is no stratigraphical continuity between these rocks and

those at Oamaru ; and in no locality is the Otakaika limestone seen

to overlie the Maerewhenua limestone. Mr. M'^Kay certainly says

that " on stratigraphical grounds the Maerewhenua limestone must

be regarded as distinct from the Otakaika limestone" (Geol. Reports,

1881, p. 66), and that he will give the evidence further on in his

Eeport ; but I have not been able to find it. It would seem therefore

that the correlations must depend upon palaeontological evidence ; but

no lists of fossils are given. Mr. M*^Kay's line of proof seems to be

different. He says, " In either locality [Oamaru and Maerewhenua]

* In his last Report Mr. M^Kay has omitted this outher. He now says that
" all the strata developed west of the Waireka Valley and lower part of the

Kakanui River pass under the higher part of the Cretaceo-Tertiary series repre-

sented by the Ototara calcareous sandstone, aU Eocene and Miocene strata

lying to the eastward of the great limestone scarp " (Geol. Rep. 1883-4, p. 62).

But he gives no reasons for this change, and it is against the palaeontological

evidence.

t See also Trans. N. Z. Institute, vol. xiv. p. 524.
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the limestones are conformable to the beds which underlie, and
these, proving to he the equivalents of each other

^ prove also the syn-

chronism of the Ototara and Maerewhenua limestones " {I. c. p. 69).

But he has just before said (on the same page) that, as the identity

of the Ototara stone with the Maerewhenua limestone cannot be

proved by fossils, because these are too few in the Ototara stone,

" it thus became necessary to prove the relationship of the beds

underlying the limestones in the two localities. Here again the

tufas of the Waireka Valley differed considerably from the grey

sands and marly greensands underlying the Maerewhenua lime-

stone ; and while in the latter locality the beds proved highly

fossiliferous, fossils were wholly absent in the beds underlying the

Ototara stone, so that in this case also identify could not he proved

hy means of the fossil contents of the heds.'^ I do not wish to dispute

this point, as I believe all to belong to the same series. I merely

wish to show that he has not proved his case. Indeed, in a further

Beport, printed in the same volume, Mr. M^Kay says that " the

middle part of the Maerewhenua limestone belongs, I consider,

to this horizon [Otakaika limestone], leaving only the lower portion

of that rock as the equivalent of the Ototara limestone " (I. c.

p. 103), thus abandoning his supposed proof altogether. This

alteration was made because remains of KeJcenodon (a Zeuglodont)

were discovered in the limestone ; and this change alone must throw
considerable doubt on the asserted unconformity between the U2)per

Eocene and Cretaceo-Tertiary rocks in this district.

But, as a matter of fact, I can only find in the Eeport one place in

which an unconformity is said by Mr. M^'Kay to occur between the

Upper Eocene and Cretaceo-Tertiary series. In his " Section showing

position of coal-seam, Wharekauri " (l. c. p. 64), the Otakaika

limestone (No. 2) is shown unconformable to the marly greensands

(No. 6). The section is described as a sketch of the rocks seen in

following up the Wharekauri Creek from the Waitaki ; but at p. 73

he says that this section is, he believes, " exactly as the section

would appear, provided the obscuring gravels could be cleared away,"

so that evidently its accuracy may be doubted. Also no evidence is

given that these "marly greensands" are not the Kekenodon beds,

which are found in the close neighbourhood, it being merely stated

that the unconformity is demonstrated " by the absence of the higher

part of the marly greensands and the Maerewhenua limestone"

(l. c. p. 68). Mr. M^Kay remarks that here " the section of the

younger beds is somewhat complicated ; and from the fact that the

Kekenodon beds are themselves a marly greensand, and their un-

conformity to the Cretaceo-Tertiary marly greensands not being well

marked, the two sets of beds may in places be taken to represent

the higher and lower parts of the same series" (l. c. p. 73). Evi-

dently there is here no "clear proof" of unconformity, especially as

in his Second Report Mr. M'^Kay describes the underlying marly

greensands in this locality as " nearly horizontal " (l. c. p. 101), and

therefore conformable in position to the overlying limestone. He
certainly says that " the fossils belonging to the two horizons [of
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marly greensands] are ver}' dissimilar " (Z. c. p. 73) ; but this state-

ment cannot be received as full evidence until lists of the fossils are

published. In fact there appears to be no actual proof of uncon-
formity anywhere ; it is merely argued that such an unconformity

must exist because the ITaerewhenua limestone ought in certain

places to come in between the two beds of marly greensand. But
this argument rests entirely on the assumption that the Maere-
whenua limestone is older than the Kekenodon beds, and differs from
the Otakaika limestone, of which no proof at all is given; and,

as bones of Kekenodon have been since found in the Maerewhenua
limestone, it is evident that the whole argument collapses. Indeed,

in his Second Report, Mr. M^Kay calls the Otakaika limestone the

equivalent of the middle part of the Maerewhenua limestone (I. c.

p. 104) ; and if this be so, the Kekenodon beds would appear to be

the same as the so-called Cretaceo-Tertiary marly greensands ; and

the whole of the rocks, from the Hutchinson's-quarry beds down to

the marly greensands, would form a single series, l^o. 1 in the Table

(p. 1) being the same as jSFo. 4, K'o. 2 the same as Xo. 5, and ^o. 3

the same as No, 6. It seems to me that this is the only way in

which " the evidence on which the subdivision of the Lower Tertiary

and Upper Cretaceous strata has been proposed" can be " completely

cleared up."

The stratigraphical evidence fails, therefore, equally with the

paleeontological evidence, to indicate any important break between

these rocks, and the whole of them must be included in one system,

the Oamaru System of Dr. von Haast and myself *.

Discussion.

Dr. BLA:ffP0ED pointed out that of the 48 species from the

Curiosity-Shop beds, 10, or more than 20 per cent., are stiU. living.

Such a percentage could scarcely be expected in beds older than

Oligocene, and was remarkable even in strata of that age.

Dr. DuiS'CAX said that he had not found so large a proportion of

living species of Echinodermata and Corals even in the Miocene

beds of Western India. The more carefully the morphology of late

Tertiary forms was studied the fewer were the species which de-

scended from the Tertiaries to the recent faunas. Even in the

deep-sea faunas the species which were assigned to old genera

belonged to special divisions of them.

Mr. ToPLET inquired how far Cretaceous forms prevailed.

Mr. Blai^foeb read over the list of genera, which showed that

very few, if any, characteristically Cretaceous types occurred in the

deposit.

* Some of the " Cretaceo-Tertiary " greensands and coal may, I think, prove

to belong to the Pareora system.
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42. On the Possil Floea of Sagor, in Caexiola. By Cojs^stantin

Baron von Ettii^gshausen, Professor at the University of Graz,

Austria. (Read June 24, 1885.)

Havi^stg recently brought the third and last part of my work on the

Possil Flora of Sagor before the Imperial Academy of Sciences in

Vienna, I take the liberty of reporting to the Geological Society on

the facts which may be considered interesting to the science of

Palaeontology, and on the principal results which have been obtained

from my investigations upon the subject. The fossil plant-

remains which were brought to light, mostly by my method of im-

pregnating the stones with water and splitting them by freezing,

came from fourteen localities :

—

1. Beds called " Friedhofschichten," beneath the Brown Coal of

Sagor. They occur near the churchyard of Sagor, and consist of

yellowish-grey indurated clay. They contain many well-preserved

plant-remains belonging to 40 species, many of which have also been
found at Haring and Sotzka, and in the Lower Tertiary beds of

Switzerland. Among the specimens I have examined there are

cones of Actinostrohics, seeds of Embothrium leptospermum and
Hctkea macropUra, flowers of Celastrus protogceus, fruits of Termi-
nalia FenzUana, and leaves of Oon/lus MacQuarrii, Quercus cusjndata,

Flcus primceva, Cinnamomum lanceolatum, Grevillea hceringictna,

Dodoncea salicites, Zizyphus undidatus, Eucalyptus hceringiana,

Dalhergia -primoeva, Ccesalpina Haidingeri^ &c.

2. Beds called ^ Bachschichteu," near Sagor. These and all the

following beds here enumerated lie above the Brown Coal. Their

plant-remains indicate a flora which in no respect differs from the

fossil flora of the Wetterau, of the Brown-coal formation of the Lower
Ehine, and of the Aquitanian Tertiary beds of Switzerland. The
"Bachschichten," consisting of dark grey indurated clay, are rich in

fossil plants, and a careful investigation of them brought to light a

flora of 79 species. Of these are particularly to be named Chondrites

laarencioides. DavaUia Haidingeri, Callitris Brongniarti, Sequoia

Couttsice, Ostrya atlantidis, Quercus Lonchitis, Ficus lanceolata, Desch-

manni, and Langeri, Laurus tristanicefolia^ Sapotacites minor, Cissus

Heerii, Zizyphus paradisiacus^ Rhus hydrophila^ Terminalia mio-

cenica, Eugenia ApoUinis, Psoralea palceogoea, Palceolohium hetero-

phyllum, and Mimosites hceringianus.

3. Beds called "Tagbau Schichte I." They occur near the smelting-

house of the tin-works in Sagor, and consist of yellowish-grey or

yellowish-white indurated clay, which is not so rich in fossils as the

preceding beds. Of the species to be found there, I may mention
Taxodium distichum miocenicum, Sequoia Tou7malii, Pinus hepioSj

Myrica deperdita, Fagus Feronice, Pterospeimum, sagorianum, Bur-
saria radobojana, Dalhergia valdensis.

4. Beds called after the " Francisci ErbstoUen," near the Sagor
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works. They show a bluish-grey shale, which seldom contains

fossils. As yet only the following species have been discovered :

—

Gly]ptostrohns eurojjceus, Sequoia Couttsice, Ficus sagoriana, F. hume-

Ucefolia, BanJcsia longifolia^ Andromeda j)rotogcea, and Eucalyptus

oceanica, all very common in the beds ISTos. 2, 8, 9, 11, and 14.

5. Beds near Sagor, containing fossil fishes, but very few fossil

plants. They occur in a grey indurated clay, and the latter includes

Gly]ptostrohus eurojpceus^ Sequoia Couttsice^ Ficus huonelicefolia, Cin-

namomum jpolymorjpJium, Bumelia oreadum, and Andromeda jpro-

togcea.

6. Beds called " Tagbau Schichte II.," near Sagor. The fossil

plants are here to be found in a light or yellowish-grey indurated clay,

and belong to CJiara Ungeri, Ch. Langeri, GlyiJtostrohus eurojpceus,

Sequoia Couttsice^ Zostera Ungeri, Oastanea atavia, Quercus LoncJiitis,

Ficus humelicefolia, Pisonia eocenica, BanJcsia Jongifolia, Apocyno-
jjhyllum hreve-joetiolatum, Andromeda protogcea, Rohinia crenata,

Dalhergia hcerifigiana, Cassia palceogcea, and Podogonium Lyelli-

anum.
7. Close by the viUage of Grodredesch, near Sagor, there are some

beds consisting of dark-grey indurated cla)", like that of the beds

No. 2. They contain plant-remains which have been referred to

11 species. With the exception of Myrsine Fndymionis, Cussonia

amhigua, and Pistacia palceo-lentiscus, these also occur in the beds

No. 2.

8 and 9. Near the village of Savine, in the neighbourhood of

Sagor, there are two very rich localities of fossil plants. The beds

consist of a light- or yellow-grey marl, which contains weU-
preserved fossils. From this I have obtained a flora consisting of

313 species, which form the principal part of the fossil flora of

Sagor. The locahty No. 8 is the quarry from which the most

valuable fossils came. Of these I mention the following as possess-

ing special interest :

—

Muscites savinensisj Bleclinum Braunii, two

forms of Equisetum, Cunningliamia miocenica, SmiJax paucinervis,

Pandanus carniolicus, Laurelia rediviva, Laurus stenojphylla^ Litscea

dermatophyllum, Conospermum macrophyllum, Cenarrhenes Raueri,

Persoonia cuspidata, two forms of HaTcea, Enbotlirium stenospermum,

Lomatia oceanica, Olea carniolica, Fraxinus primigenia, Sapotacites

chamcedrys, Diospyros hilinica, Symplocos savinensis, Callicoma mi-

cropJiylla, Clematis sagoriana, Tetrapteris minuta, six species of

Celastrus, Pomaderris acuminata, Ptelea intermedia, AilantJius Ori-

onis, Vochysia europcea, and nine species of Papilionaceae.

The locality No. 9 is the top of a coal-^^it from which the fossil

plants came. I have selected for mention a few of the many new
forms which I found there :

—Actinostrohus miocenicus, Leptomeria

distans, EmhotTirium macropterum, Hotelcea rectinervis, Fraxinus

savinensis, Alstonia carniolica, CTirysopliyllum sagorianum, Vacci-

nium palceo-myrtillus, LorantJius palceo-exocarpi, Bomhax sagoria-

num, Pittosporum palceo-tetraspermum, and Ptelea microcarpa.

10. Islaak, near Sagor. The fossil plants occur here in greyish

white marl, looking somewhat like that of Savine. All the fossils
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which I discovered in it are to be found also at Savine, excepting

Ileliotrop ites 'parvifolius.

11. Trifail. The beds resting upon the coal strata are rich in

different plant-remains, which mostly occur in a dark grey indurated

clay, like that of the locality No. 2. The most interesting of the

species collected here are the following :

—

Gf/stoseira communis,

Taxodium distichum miocenicum, Pinus palcBO-tcBda^ Fagus Feronice,

Castanea atavia, BanJcsia Haidingeri, Bumelia scahra^ Diospyros

hceringiana, Sapindophyllum paradoxum, Carya trifailensis^ Prunus
mohihana, and P. palceo-cerasus.

12. Hrastnigg. I obtained from a coal-pit the following species

of fossil plants, which occur in a light-grey marl:

—

Hypnum
sagorianum, Glyptostrohus europceus^ Secpioia Couttsice, Typha latis-

sima^ Ci)i7Utmomum polymorphum^ Banksia longifolia, Bumelia
Oreadum, Andromeda protogcea^ Avoectomeria Brongniartii, NymplicBa

gypsorum, Eucalyptus oceanica, and Phaseolites microphyllus. Of
these, nine occur also at Savine.

13. Bresno. In a yellowish-grey marl here I found well-pre-

served fossil plants belonging to the following species :

—

Glypto-

strohus europcBus^ Sequoia Tournalii and Couttsice, Carpinus Heerii^

Ficus tynx and humelicefolia, Cinnamomum polymorplium^ BanJcsia

longifolia, Sapotacites sideroccyloides and emarginatus, Mimusops
tertiaria, Bumelia Oreadum, Andromeda protogcea. Celastrus proto-

gcBus, and Eucalyptus oceanica.

14. Tiiff'er. The fossil plants occur in a light or somewhat
reddish-grey marl-slate resembling that of Savine. I found there

many well-preserved fossils belonging to Hypnum sagorianum,

Glyptostrohus europceus, Sequoia Couttsice, Pinus p)alceo-tceda, Typha
latissima, Myrica salicina, Castanopsis .sagoriana, Quercus Lonchitis,

Ficus sagoriana and humelicefolia, Pisonia eocenica, Hedycarya
europcea, Laurus Haueri, Cinnamomum polymorphum, BanJcsia

longifolia, Sapotacites sideroxyloides, Bumelia Oreadum, Andromeda,

protogcea, Celastrus protogceus, Eucalyptus oceanica, Eugenia Apol-

linis.

I proceed now to explain the general results of my investigations

of the Sagor fossil flora :

—

Istly, the fossil flora of Sagor contains at least 170 genera and

3S7 species, which are distributed under 75 families. Of the species,

21 belong to the Cryptogamae, 18 to the Gymnospermge, 14 to the

Monocotyledons, 117 to the Apetalae, 61 to the Gamopetalag, and
15'3 to the Dialypetalae. 18 species were aquatic, but all the

others terrestrial plants.

2ndly, the fossil flora of Sagor consists of two floras of diff'erent

ages, but immediately following one another. The beds No. 1,

which underlie the coal, and may be the. basement beds of the Ter-

tiary of Sagor, include a flora which existed in the last section of

the Eocene period. The other beds, resting upon the coal, contain

the remains of a flora belonging to the first section of the Miocene
period.

3rdly. In consequence of the great diversity of fossil plants, and
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their abundance in some of the localities, the elements of the floras

are so distinctly marked as to place it beyond doubt that the

Tertiary flora is to be considered the origin of all the living floras

of the globe, a conclusion to which the investigations of the floras

of other Tertiary localities have already led. In the fossil flora

of Sagor the following floras are represented :

—

Atjstealia by Actinostrohus, Casuarina^ Leptomeria, Santalum, sp.,

Gonospermum, Persoonia, Grevillea, HaJcea, Lambertia, Lomatia, sp.,

Banksia, Dryandra, Notelcisa, Myoporum^ Loranthis, sp., Callicoma,

Ceratopetalum, Sterculia, sp., JDodoncea, sp., Bursaria, Mceodendron,
sp., Pomaderris, Eucalyptus, Kennedya.

iN'oETH Ameeica and Mexico by Taxodium, Pinus, sp., Myrica,

sp., Betula^ sp., Fagits, sp., Ostrya, sp., Quercv^, sp., UJmus, sp.,

Platanus, sp., Symplocos, sp., Vaccinmrn, sp., Cornus, sp.. Magnolia,

sp., Acer, sp., Evonymus, sp., Prinos, Berchemia, Ilex, Garya, Ptelea,

sp., Prunus, sp., Rohinia, and Erythrina.

Calipoenia by Lihocedrus, sp., Sequoia, Pinus, sp.

Beazil and Teopical South Ameeica in geneeal by Blech-

num, sp., Ficus, sp., Pisonia, sp., Persea, sp., Ocofea, Andromeda,
sp., Weinmannia, sp., Bomhax, sp., Ternstrcemia, Tetrapteris, Bani-

steria, Sapindus, sp., Xanthoxylum, sp., Vochysia, Bioclea, Machce-

rium, Gassia, sp., Acacia, sp.

Chili by Podocarpu?,, sp., Laurelia, Gassia, sp.

India and East-Indian Islands by Gastanopsis, Ficus, sp., Phoebe,

sp., Ginnamomum, Mimusops, Stercidia, Pterospermum, Pittosporum,

sp., Dalhergia, SopJiora, sp., Gcesalpinia.

China and Japan by Glyptostrobus, Ginnamomum, sp., Hydrangea^

sp., Acer, sp., Styphnolohium.

EuEOPE by Pinus, sp., Phragmifes, Zostera, Typlia, Alnus, Car-

pinus, Gorylus, Castanea, Uhnus, sp., Ligustrum, Olea, sp., Fraxinus,

sp., Vaccinium, sp., Acer, sp., Pistacia, sp., Prunus, sp., Psoralea, sp.

The Canaeies by Davallia, sp., Laurus, sp., Persea, sp.

Aeeica by Gallitris, Kennedya, sp., OZga, sp., Goussonia, Gelas-

trus, sp., Pterocelastrus, and Rhus, sp.

jSToEFOLK Island by Araucaria, sp., and Elceodendron, sp.

New Zealand by Hedycarya, sp., Genarrhenes, Weinmannia, sp.
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43. A Sketch of the Goldftelds of Ltdexburg and De Kaap, in the

Trajj-svaal, South Africa. By W. Henry Penning, Esq.,

P.G.S., &c. (Read May 27, 1885.)

Contents.

§ 1. Estimated Extent of the Gold Country.

§ 2. Lydenburg and De Kaap Goldfields.

1. Geology of the Kaap Yalley &c.

2. Granitic? Eocks.
3. Silurian ? Eocks,
4. Sections and Eeefs, a-f.

5. Devonian ? Eocks.

6. Sections and Auriferous Deposits, a'-q.

§ 3. Alluvial Auriferous Deposits.

§ 4. Gold and Xuggets.

§ 5. Other Metals and IVIinerals.

§6. The Diorite Dykes.

§ 1. Estimated Extent of the Gold Country.

The goldfields of the Tati are about 100 miles beyond the Limpopo
River, the northern boundary of the Transvaal, and those of Hartley

HiU are 250 miles still further towards the interior. These fields

have been described by the late Mr. Thomas Baines, E.E.G.S., in his

work on ' The Gold Regions of South-eastern Africa ' *, and prove the

extension of auriferous veins through at least 7| degrees of latitude,

i. e. from the Kaap YaUey to Hartley HiH (18° to 25° 30' S.).

"From the gold-lodes west of Pretoria to the site of Herr Carl Mauch's
discovery near the Olifant's River in 1868, a space intervenes cover-

ing three degrees of longitude (28° 30' to 31° 30' E.). Gold has been
found at many points within, as it must also be found beyond, the

area thus arbitrarily limited, which certainly covers not less

than 100,000 square miles.

§ 2. Lydenburg and De Kaap Goldeields.

The Lydenburg and De Kaap Goldfields, as at present known, are

included within a line passing W. from the northern point of Swazi-

land, through the Tafelkop mountains, thence N. through Lydenburg
and along the Orighstad River to its junction with the Blyde. Now
turning S., the line follows the edge of the berg, or eastern face of

the Drakensberg mountains, to near Spitzkop, and thence back to its

starting-point on the border-mountains of Swaziland. (See Map,
Quart. Journ. Geol. Soc. vol. xl. p. 658 ; and Map in the Joum.
Soc. Arts, vol. xxxii. 1884, p. 609.) This area exteuds over about 1

J

degree of latitude (24° 35' S. to 2b° 50' S.), and, on the average, half

a degree of longitude (30° 30' to 30° 45' on the N., 31° 15' on the

S.), thus being about 3000 square miles. Eor some notes on this

country see a paper by the author in Journ. Soc. Arts, vol. xxxii.

1884, p. 608.

* Stanford, London, 1877.
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The plij-sical features of the triangular tract of country occupied

hy the Lydenburg and De Kaap goldfields, between Swaziland,

the Tafelkop, and the junction of the Blyde and Orighstad rivers, may
be briefly described. The western side is upon the Drakensberg
mountains, the highest part of the range following a nearly N. and
S. line, from near the junction of the rivers, by Mauch's Berg and
Spitzkop to the Tafelberg, whence the Kaap mountains branch off

to the E. towards the Makoujwa mountains, which form the IM.W.

boundary of Swaziland. Part of the range N". of the Tafelberg, and
between it and the Krokodil Eiver, is named the " Godwaan Plateau."

The Drakensberg mountains fall gradually away to the W., but

present a very precipitous face (or " krantz," as it is called) to the

E. This krantz overlooks the lower country, which is traversed by
the Sabie and Krokodil Rivers, with their affluents, the united waters

of 'which, with those of the Komati, fall into the Indian Ocean north

of Delagoa Bay.

It is a noteworthy feature that the sources of most of these rivers

are a long way to the westward of the highest parts of the mountain-

range. The general surface slopes W., but the rivers flow E., pass-

ing through deep gorges, called "poorts," in the mountains. The
Blyde and Orighstad rivers unite at the back of the range, and pass

through the " Blyde Poort." The Eland's Spruit joins the Krokodil

Eiver, just behind the Godwaan Plateau and before entering the
•' Krokodil Poort." In a similar manner the Komati and Krokodil

B-ivers unite (further to the east) just before passing through the
" Lower Komati Poort " in the Lebombo Mountains *,

Mauch's Berg is the highest feature of the range, but Spitzkop is

the most prominent, being an isolated peak in the midst of a com-
paratively level plain or terrace which borders the low country.

There are very few places, except in the valleys, from which
Spitzkop cannot be seen, within a radius of fifty or sixty miles.

" In the angle formed by the junction of Eland's Spruit with the

Krokodil Biver is the Godwaan Plateau, an elevated tract some four

or five miles in width "
f-

1. The Geology of the Kaap Valley Sfc.—The following are the

main geological features observed by me while travelling :

—

The oldest rocks of the goldfields are those of the Kaap Yalley

and those bordering the Krokodil Biver, as far as yet examined,

also, doubtless, occupying the almost unknown region " below the

berg " in the direction of the Blyde Poort.

2. Granitic'^ Bocks.—An intrusive plutonic rock, geologically

newer than the stratified rocks, but still in an inferior position,

occupies the whole of the lower ground of the western part of the

Kaap Yalley. It resembles coarse granite, and consists of quartz

and felspar, with but little, if indeed any, mica in its composition.

Although this granite (for such it may be called) forms generally

^ See " A Sketch of the High-level Coalfields of South Afvica," read before

the Society on 5th March, 1884 (Q. J. G. S. vol. xl. p. 668). See also Loveday's

Map of the Lydenburg Goldfield, Pretoria, 1883.

t ' Guide to the Goldfields of South Africa/ Pretoria, 1883, pp. 44-46.
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the loNTer ground of the head of

the valley, it rises into hills and
ridges, some of which have a con-

siderable elevation. In some cases

it has weathered into bare round-

ed bosses bearing a striking re-

semblance to rocJies moutonnees

;

but over the greater part of the

area the surface of the granite is

decomposed into a soft brown
substance very much like an allu-

vial loam.

In the Kaap Yalley the surface

of the granite forms an ellipse

about 17 miles in length by 10
miles in width, with a narrower
prolongation in a northerly direc-

tion. It widens out again towards
the Krokodil E,iver, beyond which
it passes in under a series of rocks

which rest unconformably upon
those with which it has thus far

been in contact, and which will

probably be found to occupy the

remainder of the Kaap Yalley.

This mass of granite represents

a great centre of plutonic up-
heaval, of course posterior to the

period of the Kaap-valley rocks,

which it has greatly tilted all

around its margin ; it was, how-
ever, anterior to the deposition of

the rocks of the overlying uncon-

formable formation, as they are

still nearly horizontal.

3. Silurian'? Rocks.—jN'early all

around the granite centre is a

series of rocks which have been
tilted by it into a more or less

vertical position. These rocks are

siliceous and argillaceous, rarely,

and then but slightly, calca-

reous, being mainly schists, shales,

cherts, and quartzites. I believe

them to be " Silurian " rocks

;

but, with the exception of an
unreliable report of Graptolites

having been observed, there has

been hitherto (so far as I am aware)

a total absence of fossil evidence.
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Both the granite and the stratified rocks of this region are tra-

versed by intrusive dykes of trap-rock, mostly diorite, some
narrow, others of great width, and frequently traceable at the

surface for many miles. The main dykes generally, but not always,

follow a nearly N. and S. line ; the branches run in various direc-

tions.

4. Sections and " Reefs,^' a-f.—a. At the southern extremity

of the granite* some gold-mining has been carried on upon what is

known as "Moodie's Eeef." This "reef" is situated just N, of

" Crawford Creek " (so called on Loveday's map) which flows here

nearly E., then turns northward to join the Kaap Eiver. This creek

is really a very deep gorge ; on the south side the mountain rises to

perhaps 1500 feet in height; on the north along spur branches ont

from the mountain, also following an easterly direction, its ridge

gradually descending, but being at this point about 800 feet high.

It coincides with the strike of the beds, which are vertical, as the

creek coincides with this also until it rounds the end of the spur

and turns towards the flat to the north. A difiference in the com-
position of the beds has. doubtless, been the chief cause of the

formation of this steep and peculiar gorge, roughly parallel to

the boundary of the granite flat, from which it is separated only

by the narrow but lofty ridge along which some of the mines are

situated.

The rocks of the ridge are schists, shales, cherts, and sandstones,

which strike a little S. of E., and have a dip of about 90"", that is,

they are nearly vertical. A bed, or " seam," of white crystalline

quartz occurs about the centre of the ridge, coinciding with it and
with the ordinary stratified rocks in strike and dip.

The rocks of the mountain are principally cherts, with some
highly altered shales, the same in strike and dip as those of the

ridge. In the gorge are loose pieces of chlorite-schist, but that

rock was not seen here in place.

A few miles to the south on the high lands, in a farm t cursorily

inspected, the rocks seen along the lines traversed were, in ascend-

ing order from the edge of the mountain, cherts, shales, and sand-

stones, schists and conglomerates. The beds strike E.S.E. and are

nearly vertical, but not quite so much so as nearer the granite ; they

dip about 85° to the S.

" Moodie's Eeef" (so called) consists of a deposit of white crystal-

line quartz, of the kind known by miners as " sugary quartz," varying

from 1 foot to 2 feet wide, and interstratifiecl with the rocks of the

district. It might possibly happen for it to occupy such position even

if it were a true vein or lode ; but I must consider it as a hed of

auriferous quartz. It is just as much so as the schists and cherts

are beds, because in so many instances, and over so large an area,

gold-bearing deposits of quartz, whatever may be the strike and dip

of the beds, occupy a similar position. This is not by any means the

usual mode of occurrence of gold, which is mostly found in veins,

* In Farm no. 492 on Loveday's map.
t No. 505 on Loveday's map.
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although "it is also more rarely met wilh in. the form of grains in

the shales and other unaltered stratified rocks " *
: and " bands of

different kinds of iron- ores are said to occur in some of the clay-

ironstone interstratified with the slates, and associated with these

are certain conformable beds, from ^Yhich the greatest riches of gold

have been obtained " t.

Mr. J. A. Phillips (quoting Mr. E. B. Smyth) says :
—" Gold is now

found to occur not only in the quartz-veins and in the alluvial deposits

derived from them and the surrounding rocks, but also in the clay-

stone itself: and, contrary to expectation, flat bands of auriferous

quartz have been discovered in dykes of diorite, which intersect the

Tpper Silurian or Lower Devonian rocks. Quartz of extraordinary

richness has been obtained from these bands "
J. In the former case,

bands are said to occur, but would appear to be exceptional ; in the

latter the flat bands are in dykes of diorite, therefore veins, and not

beds at all. The auriferous beds now described are numerous and
rich, in both the Silurian (?) and Devonian (?) formations, and

possess an additional interest from their (so far as I am aware)

novel mode of occurrence.

One side of the quartz seam called " Moodie's Reef," which would

be its north wall if a true vein, but is what was originally its under-

side as a bed, is plentifully sprinkled with specks of gold, rather

fine, but still quite visible to the naked eye. There is gold also in

the body of the quartz ; but, so far as I have been able to ascertam,

only in small quantity. The abundance of the metal on one side

must, however, give a good average yield of gold per ton. On the

same side of the quartz there is also a streak of green mineral, not

carbonate of copper, which at first sight it resembles, but probably

chlorite or some form of serpentine, traces of which are also apparent

in the body of the quartz.

There are other seams of auriferous quartz in the immediate

vicinity ; some of these, discovered before the time of my visit, did

not come under mj- notice—others have been opened since, and

some of them, the " Ivy Eeef " for example, are said to be very rich

indeed in gold.

h. Some miles east of Moodie's Reef the " Umvoti Reef" occurs as

a seam of dark-grey quartz, sometimes almost black and flint-like

in appearance. This seam is also in the bedding of the rocks, which

are hard dark-coloured schists, quite vertical, but here striking to JST.E,

The " Umvoti Reef '' is also a seam (in the bedding) of dark-

grey quartz, varying from 6 to 12 inches in thickness, and contains

fine gold ; the sample assayed by myself, and in which no gold was
visible, yielded the metal at the rate of 16 oz. 13 dwt. 8 grs. to the

ton §.

c. "Barber's Reef" is close by the Umvoti, but appears to be a

true lode, as it is transverse to the strike of the stratified deposits.

* Jukes's ' Manual of Geology,' 3rd edit. 1872, p. 303.

t Ibid. p. 305. J
' Elements of MetaUurgy,' 1874, p. 693.

§ Described in the author's Eeport, November 1884, as yielding gold in the

proportion of from 1 to 140 oz. per ton of 2000 lbs.
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.*
It is of a different character—a creamy-wlaite compact quartz -reef,

from 4 to 6 feet wide, dipping E. 70' and striking E. of Is"., whilst

the sti^atified rocks here strike I^.E., a difference of upwards of

30 degrees.

cl. Still skirting the granite, but now in a northerly direction, we
come to the " Caledonia Eeef," on the southern or right-hand bank
of the Kaap Eiver. The rocks here are schists, shales, cherts,

and quartzites, nearly vertical and striking iST.l^.'W. by Is". In
one place, upon an isolated hill some 700 or 800 feet above the

river, the reef was exposed. It is a seam of quartz, which may or

may not be exactly in the bedding, in close contiguity to a large

dyke of trap-rock.

The " Caledonia Eeef " apparently strikes with the strata, and is

a vein of grey quartz, slightly honeycombed, the cavities generally

filled with limonite and sometimes enclosing crystals of carbonate

of copper and other minerals. The vein passes down vertically,

varies from 12 to 18 inches in width, and is auriferous throughout.

Although this reef strikes almost, or quite, in the same direction

as the schists, I am inclined to regard it as a true vein rather than

as a seam or bed, because there are smaller veins, or " leaders,"

branching from it with a different direction ; also because there is,

on the west side, another reef of quartz, greatly resembling that of

Moodie's Eeef and following a somewhat transverse direction. As
both cannot coincide with the local strike, one, at least, must be a

true vein ; of the two, I think, for the reasons given, that one is

the Caledonian reef. The other reef " gave a prospect of coarse

gold upon being simply crushed and washed " on the ground.

e. Some 7 or 8 miles due north from the Caledonia Eeef, the

rocks on two other gold-bearing properties were found to " consist

of siliceous beds so highly altered and contorted as to have been, in

part, converted into jasper. Further east, and probably higher

in the series, shales come in, then another series of hard grey

schists ; the same strike, "W.JN'.W., and the same vertical position

being still maintained. These old stratified rocks are traversed by
dykes of diorite and other plutonic rocks in various directions"*.

Just west of KafBr Spruit a seam has been opened of '• grey

quartz, much stained by oxide of iron. This vein can be followed for

a considerable distance, striking W.N'.W.—it is almost vertical, but

hades slightly to the eastward. It is 18 or 20 inches wide, and

carries gold, as tested, in the proportion of 2 oz. 1 dwt. 1 gr. to the

ton of 2240 lbs. Two other trials of the same stone gave a mean
yield of 1 oz. 15 dwt. 14 grs. to the ton.

" To the west of the above lode are some leaders of black quartz,

which gave 'good prospects' of gold. On the east side of Kaffir

Spruit is a vein of grey quartz, 18-24 inches wide, apparently a

continuation of the above lode, being just in the line, and having the

same width and direction t" . This is evidently an interstratified

seam, being coincident with the shales in dip and direction of

strike.

* The author's Eeport, Nov. 1884. t Eeport, lSo\. 1884.
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/. Several miles to the N.W., and still bordering the granite, we
come to the so-called " Welcome Reef," ou the south bank of the Lam-
pongwana river, and 10 or 12 miles due east of De Kaap. Here the

rocks are similar to those of the Caledonia reef, a soft talcose or

steatitic foliated schist being also exposed—still vertical, but now
striking N.W. The reef is a seam of quartz, apparently striking

with the stratified rocks.

The "Welcome Reef" appears to follow the strike of the rocks,

N.W., but this is not certain, and it dips somewhat into the hill on
the west, whilst the strata, being here tilted by the granite, might be
expected to dip, if at all, the other way ; the evidence, however,

is very obscure. The lode varies from 6 inches to 6 feet, and
consists of white and tinted glassy quartz, containing much earthy

carbonate of copper and oxide of iron, with occasional specks of

visible gold. Some veinstone, taken at a depth of 15 feet, yielded

gold at the rate of 1 oz. 4 dwt. 21 grs. per ton. All stone having
been rejected in which the metal could be seen, it will be within

reasonable bounds to assume an average of between 1| and 1| oz,'

per ton.

The above observations extend about two thirds around the cen-

tral boss of granite, and show that thus far the strike of the stratified

rocks coincides with its margin, varying, as it does, from S. of E.,

through N.E. and N.N.W. to W.N.W. This afi'ords ample evidence

that their upheaval into a vertical position is due to the intrusion

of the granite. Along the western side of the granite the same
phenomenon is evident, although not so clear, owing to slips and
accumulations of talus under the high krantz; but the edges of

vertical rocks may be occasionally seen, striking in a generally

northerly direction. I think there can be but little doubt, if any,

that the Kaap Mountains and the Godwaan Plateau nearly coincide

with the margin of the granite.

The north-westerly strike, which was the last observed, appears

to be continued, but rather more westerly, beneath the Godwaan
Plateau, as vertical schistose rocks, with W.K.W. strike, are seen

in the bottom of the Eland's Spruit valley. Between those points

there is a ridge or spur jutting out from the " berg " a little I^. of

De Kaap, in an E.N.E. direction. The beds forming this ridge are

quartzose foliated schists, of a peculiar character and different from
anything I have seen elsewhere. The strike of the beds coincides

with the ridge, W.S.W., and they dip very sharply to the IT., in-

deed are almost vertical. To the north of the ridge tbe granite

again comes to the surface, and, as stated before, widens out towards

the Krokodil River, and then passes in under a series of rocks

newer than those above briefly described. It probably forms the

low country " below the berg," or rather perhaps the flank of the

mountains to the north, and sweeps round by the Olifant's River,

—

at any rate granite has been observed far away to the northward.
" Beyond the Limpopo both Jeppe's and Baines's maps indicate

^ Granite ' up the Bubye River, and the latter portrays a ' high

Q. J. G. S. No. 164. 2 s
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granitic range ' running in a N.E. direction from lat. 20° 30' to
» "

5. Devonian ? Rocks.—After the rocks wMcli I have referred to

as Silurian had been tilted into their present vertical position by
the upheaval of the central mass of granite of the Kaap Yalley,

they V5^ere cut down to a " plain of (probably) marine denudation."
This old plain is at an elevation of 1700 or 1800 feet above the
present general level of the Kaap YalLey, which has, of course, been
much more recently excavated. Upon the upturned and denuded
edges of the Silurian rocks, those which I here provisionally term
" Devonian " were deposited. (The '^ Megaliesberg Beds " of my
paper on the Coalfield, Q. J. Gr. S. vol. xl. p. 660.)

At the base of these Devonian rocks is frequently seen a series of

conglomerates and sandstones (with some shales), which is fairly

well exposed about De Kaap, " formed from the waste of the under-

lying Silurian beds, and of any quartz veins that they may have
enclosed " t. The Kaap sandstones are highly crystalline, some
coarse, others fine in texture, in thick beds which have weathered
into massive tabular blocks, which impress a peculiar distinctive cha-

racter upon the appearance of the country.

These sandstones and conglomerates thin out to the north, as the

immense series of shales (with occasional sandstones), by which they

are overlain, rests directly upon the granite on the other side of the

Krokodil River. At De Kaap they afiPord additional evidence that

rich gold-lodes exist below them, or at no great distance, in the

Silurian rocks from which they were derived ; for they are frequently

auriferous, containing not only fine gold but nuggets, especially the

conglomerates. An analogous case, but of course one of recent

date, is the occurrence of fine gold in the sand of the sea-shore (and

probably, of course, gold in the gravels) upon the west coast of N'ew

Zealand.

Above the sandstones comes a very large series of shales and flag-

stones, fissile and thin-bedded, which generally are grey, but weather
to yellow or dirty yellow or dirty brown. In some localities, as

along the valley of the Eland's Spruit, there occurs a series of cherts

and quartzites, which appear to replace the lower shales.

High up in the shales, but not by any means near the top of them,

are two or more series of a peculiar, blue, fine-grained, calcareo-

siliceous rock, to which Mr. A. C. CruttweU and myself have given

the name of '•' chalcedolite." "We adopted this term in consequence

of the chalcedonic texture frequently displayed—indeed, some por-

tions of the rock are true chalcedony. Sometimes it occurs in

amorphous masses, weathered to a grey colour, and to a peculiar,

rough, trachyte-like surface ; but mostly in thin beds, 2 or 3 inches

in thickness, with earthy partings, the lines of lamination being

wavy and indistinct, except where exposed by weathering. The
rock appears to be the result of intermittent deposition, probably

j

* Guide to the Goldfields, p. 62.

t Eeport, Dec. 1884.
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in an inland sea, from water holding much silica and some lime in

solution.

The chief exposure of these chalcedolites is along the Blyde-river

valle}', hest seen on its western side or escarpment, where the rock

occurs in two series, the lower several hundred feet in thickness,

with shales above, below, and between. It contains fine gold in

places, and, where in a decomposed state, it has been worked as so-

called " rotten-reef" to a considerable extent. There are numerous
old workings in it, following fissure-veins or old weathered crevices,

frequently on an extensive scale, as in Eotunda Creek, which opens

to the Blyde River, and again a few miles to the west of Pretoria.

Still higher up in the shales, there are series of sandstones, some
compact and very highly metamorphosed, others more coarsely

crystalline, and resembling those of De Kaap. These and the asso-

ciatad conglomerates are sometimes found to be auriferous.

These Devonian rocks moreover are traversed by dykes of diorite

and other trap rocks ; and immediately upon them, with an uncon-

formity not very strongly marked, but still probably representing an

extended period, rest the "High-Veldt Beds" *.

6. Sections and Auriferous Deposits, a'-q'.—The following are

brief notes of sections, commencing on the south at De Kaap, and
ending on the north in the Orighstad Yalley :

—

a. At De Kaap " the lowest rocks of this series are highly crys-

talline sandstones and conglomerates .... Immediately above the

sandstones is a series of shales
;
" these are overlain by another

series of sandstones on the higher ground to the west, succeeded

by more shales which pass in under, or are replaced by, the cherts

and quartzites of the Eland's-Spruit Valley.

The conglomerates here, and in a less degree the sandstones, are

auriferous (see above, p. 576). The shales above the sandstones

enclose veins of auriferous quartz, one of which jdelded gold at the

rate of upwards of an ounce to the tonf.

b'.—The Godwaan Plateau is on the upper of the two series of

sandstones, which are exposed to a considerable depth in many
natural sections, such as krantzes and caves, as well as in the

mines. Shales occupy the surface, sloping down towards Eland's-

Spruit Valley ; both these and the sandstones are crossed by quartz

reefs and dykes of diorite.

There are several " reefs " on this plateau, some of them being

very rich in gold. (1) The " Homeward-Bound Eeef," which, so far

as opened, is a vein of soft saccharoid quartz, with some hard quartz,

much earthy matter, and oxide of iron, several feet in width,

striking IS", and S., and enclosed in fairly well-defined walls. The
lode, however, is much split up, and, as it were, spread out near the

surface, becoming more compact and regular below. I have no data

for estimating the yield of gold from this lode, which is certainly

rich, for some hundreds of ounces are obtained every week by small

machinery. The gold is remarkably fine, like flour, and requires,

* Quart. Journ. Geol. See. vol. xl. (1884), p. 660.

t Eeport, Dee. 1884.

2b2
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therefore, great care in manipulation. There is a casing of grey,

honeycombed quartz, several inches thick, on the west side of the

lode, which contains silver. I have made no assay of this, but was
informed that Messrs. Johnson and Matthey had certified 16 oz. to

the ton.

(2) Three or four hundred yards to the east is " Eautenbach's
Eeef," a mass of soft, earthy, auriferous ground, which appears to

occupy nearly the whole of the ridge parallel to that of the ' Home-
ward Bound Eeef." There are in it, however, numerous quartz

strings, dipping from either hand towards a central line, and seeming
to indicate a downward extension of the lode in a more restricted

form. Some spots are very rich in fine gold, others poor and even
barren, the metal not being at all equally distributed.

Since my last visit to this place, I have received a letter, dated

13 Dec, 1884, from which the following is a short extract :—" In
continuing the large cutting .... I have come on a very large lode

of rich quartz ; it is about 13 feet wide, and runs to all appearance

due E. ; it seems to branch out from the Homeward Bound Eeef. I

have taken out of it to-day about 60 tons, and it is very easily

worked." There are other auriferous reefs on the plateau, some
rich in gold, but only the above are yet opened to any extent.

c'. About 14 miles to the westward of the Godwaan Plateau, I

have examined a block of farms on the table-land between Eland's

Spruit and the Krokodil Eiver, finding the rocks to be :
—" Sandstones

on the higher ground. . . .resting upon grey thin-bedded shales,

which, in turn, rest upon a series of beds of chert, quartzite, and
arenaceous shales " *.

Upon the block of farms between Eland's Spruit and the Kro-
kodil Eiver I traced the outcrop of several quartz-reefs ; these have

not been opened up, but the surface-specimens yielded gold in pro-

mising quantity.

About 10 miles still further west the main road from N'atal passes

down a very steep hill into the Krokodil Valley, and shales are

exposed from top to bottom of the descent, except where intersected

by some large diorite dykes.

About thirty miles further down the valley, and on the opposite

side of the Krokodil Eiver, the road from Spitzkop also comes down
a very steep incline. This shows shales in its upper portion, which,

part way down the hill, rest directly upon the granite of the Kaap
Valley.

At the head of the Stadt's Eiver, which about here joins the

Krokodil, I went over a farm, finding it to consist of shales, except

on the highest ground to the JST.W., which is sandstone. The whole

country from here to Lydenburg is nearly all shale, with sandstone

on the higher ridges.

cT. Around Lydenburg the rocks consist principally of a series

of shales, several hundred feet in thickness, with occasional beds of

sandstone, dipping to the westward. On the Lydenburg town-

lands " a reef of quartz, 2 feet in width, crops out along the top of

* Eeport, March 1884.
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the ridge on the west side of the Dorps Pdver, striking IS'.iS'.E., and

having an easterly dip of about 80°. This reef is in a diorite dyke,

to the depth already proved of over 50 feet, and will yield gold at

the rate of 9 dwt. to the ton* The shales and sandstones

are highly metamorphosed throughout, but especially so where in

contiguity to the numerous dykes of diorite and other plutonic rocks

by which they are traversed in various directions. As a rule, such

dykes are more or less vertical in relation to the strata through

which they pass; but there are several on the town-lands that

almost if not quite coincide with the stratification."

Six miles north of the town the Pilgrim's-Eest road winds down
a steep hill to the " drift " across the Spackboom E-iver. The road-

cutting exposes grey shales all the way down, except where they

are broken through and locally displaced by a diorite dyke, which
the section shows plainly in the various stages of concentric weather-

ing. The shales below the dyke are black, like slate in appearance

and composition, but without any sign of cleavage. (The absence

of true slate is somewhat remarkable. I have not yet seen it in any
part of South Africa.)

e'. From Lydenburg the country and the beds rise to the east-

ward with a long " dip-slope," and a few miles in that direction lies

the " Paarde-Plaatz," or Horse-farm, belonging to the town. " The
rocks of Paarde-Plaatz are altered shales on the western margin,

which overlie a series of crystalline false-bedded sandstones that

crop out along the edge of the mountain, and form the higher grounds

in the centre and on the east side of the farm. These sandstones,

in turn, rest upon another series of shales that occupy the lower

grounds, and stretch away to the eastward" f. There are numerous
seams of quartz, varying from 2 to 18 inches in thickness, inter-

stratified with these sandstones and lower shales, and these wiU be

referred to presently, as they are rich auriferous deposits. There

are also vertical veins of quartz which contain gold.

Paarde-Plaatz.—In June last year, when examining this ground,

I picked up a loose piece of crystalline quartz, very promising in

appearance, and in such a position that it must have come from a

reef within a short distance. It yielded gold at the rate of upwards
of 5 oz. to the ton. There was no sign of the outcrop of a true lode,

so trenches were cut under my direction, and by this means the

source of the loose lumps of quartz was discovered. It proved to

be a flat seam of red-brown crystalline quartz, perfectly interstra-

tified with the bedded rocks. Numerous other auriferous quartz-

seams coincident with the stratification were afterwards opened a

few feet apart in the shales and sandstones. These seams extend

over a considerable area, and vary in thickness from 1| to 18 inches,

and in yield of gold (some barren) from 9 dwt. 1 gr. to 6 oz. 17 dwt.

10 gr. per ton. The average of fourteen assays of stone from these

flat seams, and calculated upon their various thicknesses, is 3 oz.

6 dwt. 16 gr. per ton.

'' For this and neighbouring reefs see the author's Report, Dec. 1884.

t Report, Sept. 1884.
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There are also auriferous lodes here, transverse to the bedding
;

one " a nearly vertical reef, consisting of alternate quartz and are-

naceous streaks, much decomposed, but presenting the general ap-

pearance of a fissure-vein. This lode varies in width from a few
inches to several feet, is locally irregular, but upon the whole follows

a well-defined course for several hundred yards along the face of

the krantz. . . . The stone yields gold at the rate of 18 dwt. 16 gr.

to the ton"*.

/'. Stin further east is "Mount Joker," where the rocks " consist

principally of crystalline false-bedded sandstones overlying a series

of shales, which, in turn, rest upon another set of similar sand-

stones. In the sandstones shales also occur as well as conglo-

merates, and freqiient seams of quartz, some of which, where
tested, have been found auriferous " t. " Upon Mount Joker a

seam of quartz crops out, or it may be two or more seams,

as the rugged nature of the ground renders it difficult to trace

the line from one prospecting hole to another. The quartz is

bluish-white, much broken up at the outcrop, and contains much
oxide of iron and some oxide of manganese. It occurs interstrati-

fied between an altered shale (almost a schist) below, and sandstone,

also highly altered, above. At the base of the sandstone there is

generally a coarse auriferous conglomerate, resting direct!}^ upon
the quartz, and varying from 6 to 15 inches in thickness. The
quartz also varies in its thickness from 2 to 9 inches, the average

being about 5 inches." The yield of gold varied from 5 dwt. to

4 oz. 18 dwt. per ton, " equal to an average on this seam (or these

seams) of very nearly 1 oz. 7 dwt. to the ton" J.

g'. On the south of Mount Joker is the farm " De Kuilen," where
the beds are similar to those at the lower levels of that mountain, viz.

shales, sandstones, and shales, with a westerly dip of from 5° to 7°.

From here aU along the Spitzkop road only shales are seen, with

the exception of intrusive dykes, until near Eoss Hill, a few miles

west of the Spitzkop mountain. On De Kuilen '' a quartz reef can

be traced from the head of the small gully, under the marshy ground

by the road, rising again beyond the flat." Its yield is estimated

at little less than an ounce to the ton. Just beyond where the road

passes down a steep incline a quartz-reef occurs, with an estimated

yield of not less than 1 oz. of gold to the ton§.

h'. About Eoss Hill the rocks become siliceous in character.

Sandstones, cherts, and quartzites, previously seen in the deeper

valleys, now come to the surface. Here also chalcedolites are seen,

but not in great force. The mines of Eoss Hill are partly in

" rotten-reef" and partly in diorite. I have no definite data

respecting the gold-veins here, but they must be rich, as three

diggers, after working upon them for about two years, took away
6000 ounces of gold, chiefly derived, I believe, from quartz-leaders

in the " rotten-reef." I have seen fine specimens of gold in quartz

from these mines.

* Eeport, Sept. 1884. t Report, Jan. 1885.

t Eeport, Jan. 1885. § Eeport, Feb. 1884.
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i'. South of the Spitzkop mountain is " Grey's Creek," near the

mouth of which is an old heading, driven 60 feet into the hill.

This shows a seam of quartz from 1 foot to 2 feet thick, between

decomposed chalcedolite above and brown sand (? decomposed dio-

rite) below. These beds dip W. at an angle of 5", and underhe the

shales that form the high ground on the west. The quartz seam
here, interstratified with the beds, varies (where opened) from 1 foot

to 2 feet in thickness, and yields an average of 3 oz. 12 dwt. of

gold to the ton.

j'. Upon the farm called "Spitzkop," north of the mountain of

that name, are numerous cuttings made by the miners, nearly all

in shales and flagstones. Towards the east side, however, the more
sihceous beds come in, and where exposed in some open mines,

they are much decomposed, especially the lower few feet resting

upon the saddle of a decomposed diorite dyke. On the east side

of the farm the so-called "rotten-reef" has been rather exten-

sively worked in two claims, where it rests upon the saddle-back

of a decomposed diorite dyke. The numerous quartz-leaders in

the shales "vary even in a few feet from 3 inches to ^ inch in

width ; they vary slightly also in dip and direction. Their average

width may be taken as 1^ inch : their general dip S. 50° to 55°
;

and general direction E. to "W. The direction of the dyke being

W.N.W., the leaders strike it at an angle of about 20 degrees."

In the shales are very many thin veins of quartz, more or less

vertical, which, in the lower 3 to 5 feet, are broken up and indis-

criminately mixed with the matrix, thus forming a so-called " rotten-

reef." This term is also applied to the several feet of strata exposed

above, although less decomposed.

Pig. 2.

—

Section of " Rotten-Reef,^^ Sjpitzko]).

Shaft, 25 ft. deep.

a. Tilted shales. h, Diorite Dyke.
c. The " rich layer."

The section, fig. 2, shows a shaft 25 feet deep down to the dyke,

along which a drive has been made 35 feet to the jN'.jN'.AV., following

the downward dip of the " rich layer," here consisting of 3 feet of

" rotten-reef," with from 1 to 2 feet of poorer "wash" between it and
the dyke. The shaft is sunk through contorted and partly decom-
posed shales, with auriferous quartz-leaders.
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Three assays made gave :

—

'No. 1. Quartz, with oxides of iron and manganese, 1 oz. 10 dwt.

11 gr. of gold to the ton of 2000 Ih.

jSTo. 2. 3 oz. 6 dwt. 16 gr. of gold to the ton of 2000 Ih.

No. 3. 9 dwt. 2 gr. of gold to the ton of 2000 lb.

An open section at Spitzkop shows the upper part, consisting of

soft shales, contorted by the irruption of the dyke from below (as in

fig. 3), with quartz leaders averaging about six feet apart. Between
the shales and the dyke occurs the " rich layer " of black decomposd
shale, traversed irregularly in every direction by broken-up veins of

quartz. Of this layer, 5 feet thick and conformable to the dyke
below, the upper 3 feet are very rich ; it dij)s IST. by. E. into the hill

at an angle of 10°. Average samples were taken from this layer by
picking down through its whole thickness in several places. The
relative proportions by weight were 2^ oz. of decomposed shale and
oxide of iron to 1 oz. of quartz. Upon assay, the average sample

of the rotten-reef was found to yield 16 dwt. 5 gr. of gold to the

ton (2000 lb.).

Other neighbouring sections of *' rotten-reef," shales, quartz-

leaders, and " pay-dirt," are described in the author's B-eport, July

1883. " Some shafts are sunk through what appears to be an
interstratified mass of decomposed diorite ; if so, it is an intrusion,

probably from the main dj'ke, as the shales are seen dipping under

it from either side, and disclose beneath it 2 feet of Yeij rich ' pay-

dirt.' " One of these shows :

—

3 feet surface-soil.

2 „ rich " pay-dirt."

6 „ decomposed diorite.

16 „ partly decomposed shales with six leaders passed through,

the lowest one nearly horizontal.

A similar belt of rocks occurs from Spitzkop down to the Sabie

River, where the fine falls by the roadside are slowly cutting their

way back in a mass of sandstone, in which their waters have already

formed a ravine many hundred yards in length. Thence to the

"Mac Mac diggings" similar rocks prevail, indeed all along the

level plateau which borders the low country.

7c'. The farms " Lisbon " and " Berlyn," formerly called " Water-
fall/' are situated on this plateau, and are now being worked by a

gold-mining company. The rocks here are shales, occasionally

arenaceous ; on the east side are crystalline sandstones, faulted

against the shales *. Some of the hills around are capped with
chalcedolite. The shales are nearly horizontal, and are intersected

at frequent intervals by veins of quartz, varying from 2 to 6 inches

in thickness, and dipping at a high angle. These thin veins are

auriferous, and appear to be " leaders " from the main quartz-reefs,

which run in a nearly N". and S. direction across the property.

* See GeoL Mag., April 1885, p. 171.
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The gold lodes consist of main qnartz-reefs and transverse leaders
;

"These leaders are thin (a few inches onlj- in thickness), and

consist partly of white quartz, partly of oxide of iron and man-
ganese. Two of them sometimes merge into one, and occasionally

two or more unite to form a main lode close to or in contact with

the dyke. Almost without exception the gold-mines of this district

are in such leaders in proximity to diorite dykes." An average

yield of 4 oz. of gold to 2000 lb. of quartz was the estimated

result of several examinations.

Several main and branch dykes of diorite are traceable for long

distances, and in some instances are well exposed in the open mines.

In two cases the shales are sharply tilted by the dykes on the west

w.
Fig. 3.

—

Section of Diorite Dyhe, Lishon-Berlyn.
E.

a. Tilted shale. b. Dyke.

side, and in one on the east they are slightly contorted on the other

side. In the section the weathering leaves hard kernels of blue

diorite with concentric rings, semidecomposed, shading off into the

soft brown mass, which otherwise resembles an alluvial loam.,

v. A few miles S.W. of Waterfall are the farms about " Pilgrim's

Rest," belonging to the Transvaal Gold-Land-and-Exploration

Company. The rocks here are higher in the series and are more
siliceous in character, the lower main mass of chalcedolites being

in considerable force. Their chief outcrop, however, is along

the west side of the Blyde Eiver. Here, also, are many diorite

dykes, one of which, a small branch dj'ke in Pilgrim's-Eest Creek,

has tilted the adjacent beds inversely to the usual position.

"With the exception of the rich alluvial deposits in the creek, the

ground chiefly worked here for gold has been the " rotten-reef,"

similar to those previously described. The chief of these are at

Erown's Hill and Ophir Hill ; but I have no data upon which to

base an opinion as to their value, which is regarded as high.

Crossing the Blyde and mounting the steep escarpment to the

west, we find shales cropping out from top to bottom, with the ex-

ception of the upper of the two main series of chalcedolites inter-

vening part way up the hill. The shales have generally a small

westerly dip, but are locally thrown to high angles and into various

positions by plutonic dykes. The chalcedolites are much decom-
posed, and a bed of quartz, at least one foot in thickness, is seen

amongst them. On the summit of the hill is a series of crystalline

sandstones.



584 "w. H. PE^'^^^"G ox the goldplelds op

m. Just south of the road passing up the escarpment is a piece

of ground called " Peach Tree," nearly all on shales, but also Tvith

sandstones on the top of the hill. There is on the table-land a

highly ferruginous bed, Tvhich has been worked by the natives for

iron. The shales are intersected by plutonic dykes and by two
nearlj^ vertical quartz-reefs, about 12 inches wide, which strike

nearly X.E., and yield gold at the rate of upwards of an ounce
to the ton.

n. Pollowing the upper series of chalcedolites a few miles north,

we come to '' Eotunda Creek," which affords sections at intervals

from the top of the hill to the Blyde Eiver ; and here we find the

rocks following the usual order of the escarpment. Eotten-reefs,

containing fine gold, have been worked here. There is also a large

main reef, consisting almost entirely of coarse crj^stals of quartz, and
very ferruginous ; it is at least -1 feet wide, and fields coarse gold,

upon the average not less than 4 oz. to the ton.

. Still further north, " Kaspar's Xeck" is on shales and quartz-

ites. The lower series of chalcedolites crops out on the east ; the

upper series in the small valley on the west.

jp' . The small stream west of Kaspar's Xeck joins the Orighstad

Eiver ; and in that valley, a few miles above the junction, the rocks

are, in ascending order, quartzites and cherts, crystalline sand-

stones, shales, conglomerates, shales, quartzites, and cherts, aU dip-

ping "W. at a low angle. In the Orighstad Talley are some highly

crystalline sandstones. 40 feet or more in thickness, which jield

gold several pennyweights to the ton, as do also the conglomerate

beds associated with them.

q. Towards the head of the Orighstad Yalley the rocks are chiefly

shales with sandstones, having a well-defined conglomerate at their

base, on the hills and ridges. From this point back to Lydenburg
the surface is occupied by shales, sometimes arenaceous, which extend

almost without intermission to the High Yeldt, where they pass

beneath the coal-bearing formation. About the head of the Origh-

stad Yalley there are many quartz-reefs, one of which, over 2 feet

in width, strikes almost E. for Pilgrim's Eest, and carries gold in

the proportion of more than an ounce to the ton.

About the Speckboom Eiver, near the " drifts,'* are numerous thin

veins of quartz, some in diorite, others in shale, aU. of which, so far

as examined, contain more or less gold.

§ 3. AXLITVIAL ATTEIFEEOrs DEPOSITS.

In the Lydenburg goldfields some few patches of very rich allu-

vial deposits are known; but, considering the great extent of the gold-

bearing area, and the qualitj' of the reefs in some places, it is

remarkable that no large alluvial field, like those of Australia and

California, has yet been discovered. Two years since, when writing

of the Kaap goldfields*, I offered some observations on the river-

*• Guide to the Goldfields, pp. 51, 57.
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valleys and alluvia, and the probable occurrence of gold in those

that came from rich quartz-reefs.

Alluvial gold has since been discovered about James Tovrn on the

Lampongwana, or Northern Kaap Eiver, and near other streams in

the Kaap Valley ; still the area of payable ground, as far as thus

known, is not sufficiently extensive to support a large digging popu-

lation. A few of the chief alluvial deposits may be noticed in the

same order as the more permanent lodes have been.

e. KaffirSpridt (p. 57-i).—There is a large quantity of loam, gravel,

and similar alluvial deposits, along the margin of the river and
spruit, as also in their tributary valleys *. I may add that extensive

diggings have been carried on during the last two years, near James
Town, with a fair measure of success, in the Lampongwana
Eiver.

A digger has secured rights to a large quantity of water (15
heads) from the river above ; and as he proposes to bring it to

his ground by cutting a race from 15 to 18 miles in length, it is

evident that he has found the deposits rich enough to warrant such

an undertaking.

In several places along the Kaap rivers, and even up to their

sources about the mountains on the west, good alluvial gold has been

found.

a'. Be Kaap (p. 577).—" In all the creeks good alluvial gold has

been found "—at one point in the Kantoor creek " the numerous
large nuggets for which the first ' rush ' to the Kaap was celebrated

"

—at another, " several claims were worked with wonderfully good

returns." At a spot south-west of the Kantoor " there is a very rich

alluvial, pelding a small proportion of reef-gold from the vein just

above . . . and large quantities of waterworn gold from the waste of

the conglomerates.'"' Work is being carried on in alluvial wash, and
from the fact of a long race and a dam having been recentl}' con-

structed to bring on the water, it may be assumed with very good

returns f.

6'. Godivaan Plateau (p. 577), "Barrett's EiisJiJ'—About six

miles north of the Kantoor is one of the small depressions, faUiug in

a westerly direction, where nuggets were found, just where the road

crosses the hollow. The gTound here is almost bare sandstone,

covered with a few inches only of soil, in which, and amongst the

grass roots, the nuggets were discovered.
" Poverty CreeTc.'^—" In the main or northern branch of Poverty

Creek, some good gold has been found. . . There has been more alluvial

ground worked here, in better form and to better advantage, than

anywhere else on the plateau. There are two distinct kinds of gold

found at this spot, the position of each kind being clearly defined.

From this fact and other circumstances it seems probable that two
lodes here cross each other or eff'ect a junction " i.

" Willey's Creel\"—Many nuggets were found here : one that I

saw weighed just under a pound.

* See Eeport, Nov. 1884. t Report, Dec. 1884.

:j: Guide to the Goldfields, p. 55.
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d! . Lydenhurg (p. 578).—At a point on the Dorps Eiver,' about half
a mile south of the town, good coarse gold has been taken from the
gravel bordering the stream ; and a large piece was found in gravel
along the stream that comes in from the S.E. and near this point joins

the Dorps Eiver. " The alluvial deposits around the town are exten-
sive, as well as of considerable depth and richness. The upper part of

these deposits consists, in places, of a hard ferruginous ' cement-
stone,' or fine gravel cemented by oxide of iron, and containing gold.

Beneath this there are several feet of sand and loam, also auriferous,

and at the base is an extensive bed of coarse gravel and pebbles,

which, wherever it has been tried, has yielded coarse gold, in some
places even in payable quantity "*.

Ji. At Ross Hill (p. 580), as would naturally be expected, the

alluvial soil is rich in fine gold.

i'. Grey^s Creek (p. 581) opens into the same valley as the small

stream from Eoss Hill, and here both coarse and fine gold occur. On
the east side of the creek is a mass of broken quartz in a black sandy
soil (apparently the shedding from the contiguous quartz veins in

chalcedolite), which is auriferous. Further down the stream good
coarse gold occurs in the alluvium.

/. S^itzkop (p. 581).—On the east side of this farm a claim " has

been worked down about 15 feet on to the bed-rock, which here con-

sists of shale. At this point there is also an old channel beneath
the alluvial ground, which is brown loam, and has hitherto proved

rich in gold. The loam carries a small proportion of fine gold

throughout, but is, of course, much richer just above the bed-rock;

in the old channel especially it has proved very rich, 57 ounces

of gold having been taken out (as I am informed) from one paddock,

about 36 feet by 45 feet, after three weeks' ground-sluicing" t.

Tc' . Berlyn-Lishon (Waterfall) (p. 582).—The surface of the ground
upon and west of Howse's claims, and for some distance to the north

and south, is occupied by a terrace of sandy loam. On the opposite

side of the river is another terrace, which extends a long distance

S., on the west side of a stream ; and there is another large patch,

bordering another stream that flows into the river east of the Falls.

"All this alluvial yields gold "J, and is now being removed by
hydraulic appliances.

T, Pilgrim^s-Rest Creek (p. 583) is occupied from end to end by
a mass of coarse gravel and fine loam, the gold from which at one

time supported many hundred diggers. The creek is very steep

and narrow, and is but three miles or so in length ; its containing

so much water-worn gold is therefore good evidence of the existence

of rich lodes in the immediate vicinity.

ni. Peach Tree (p. 584).—Good alluvial ground has been worked
in the creek, also upon Columbia Hill, where long races were cut

merely for the purpose of sluicing away the surface soil, to the

depth of about a foot, for the sake of its gold.

* Eeport, Dec. 1884. t Report, July 1883.

X Eeport, May 1883.
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n'. Rotunda Creek (p. 584).—The alluvial ground has been

worked, although not to any great extent *.

^'. Orighstad Valley (p. 584).—Upon the farm " Klipheuvel

"

there is a " large body of alluvial wash, which covers the part of

the farm bordering the stream " f- Grood alluvial wash has also been
found on the farm " Nauwpoort," a few miles nearer to the head
of the valley.

Terraces.—The above notes refer to the alluvial deposits in the

bottoms and on the immediate margins of the valleys ; but in many
instances the terrace-gravels, which are relics of an earlier stage of

denudation, are also gold-bearing. In Willey's Creek (h') and at

Pilgrim's-Rest Creek (V) are high terraces of rich alluvial wash.
I have also observed patches of river-gravel at least 800 feet above

the present Speckboom Hiver ; but these, so far as I am aware,

have not yet been proved auriferous.

§ 4. Gold and Nuggets.

The character of the gold obtained from these fields in the
Transvaal varies almost with every locality, whether from the reefs

or from the alluvium. Some of the reefs in the Kaap Valley (a-f)
carry coarse, others fine gold. At De Kaap (a') the gold is fine in

the reefs and coarse in the conglomerates ; on the Godwaan Plateau
(b') the reef-gold is very fine. JN'ear Lydenburg (d') the reefs

produce generally rather coarse gold, although some on Paa.rde-

Plaatz (e') is very fine. At Ross Hill (h') and Spitzkop (/)
there are large specimens, but the bulk of the gold is very fine ; at

Lisbon-Berlyn (Jc') it is coarse, as a rule, with occasional nuggets
and some fine gold. Pilgrim's Eest (V) produces fine, and Eotunda
Creek (n) coarse gold. In some cases, as at Spitzkop, Pilgrim's

Eest, and Eoss Hill, the gold is very fine indeed, like flour, of

which the grains can scarcely be distinguished even with a lens.

This very fine fiour-gold seems to be confined to the "rotten-
reefs ; " the moderately fine to the flat quartz seams ; and the coarse

to vertical reefs or true lodes.

The gold from the alluvium in the Kaap Yallej^, as at Kaffir Spruit

(e), is mostly " scaly " (in small fiat pieces), rather pale in colour,

not very much waterworn, and with occasional nuggets. At De
Kaap (a') it is mostly coarse rich gold, extremely waterworn, having
been subjected at least twice to alluvial action—first into the old

conglomerates, then from them into the recent deposits. Upon the
Godwaan Plateau (/)'), there is fine as well as coarse gold in the
alluvium, the wash having been partly derived from the reefs that

carry fine gold. At Lydenburg (d') the wash yields gold of a
rather light colour, in scales and grains

; about Spitzkop (h', ?*', /)
the gold is of good quality, fine in the wash on the higher lands

and coarse below. At Lisbon-Berlyn (k') it occurs in a similar

manner ; and at Pilgrim's Eest (V) the gold is very rich, coarse, and
with nuggets in abundance.

* See the ' Guide to the Goldfields,' pp. 17, 18. t ' Eeport,' May 1884.
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The followiug may be given as examples of the occasional rich
" finds " in these fields :

—

In 1873, at jS'ew Caledonia, four large nuggets with a number of
smaller ones, collectively weighing 13 lb. 8 oz.

In 1874, at Barrington's claim, a nugget weighing upwards of 87
ounces.

In the same year, nuggets of 48 ounces and 69 ounces were
found.

In 1875, at head of Creek, Pilgrim's Eest, one of 8 pounds and
another of 57 ounces.

In the same year were found nuggets of 213, 69, 29J, 57, and
47 ounces.

A nugget of 123 ounces was found in a terrace-claim. Upper
Creek, at about 30 feet below the surface *.

§ 5. Other Metals and Mtsteeals.

A few other metals and their ores observed in this district are :

—

Godwaan Plateau (6').—Silver in the Homeward-Bound Eeef.

Here, and also at De Kaap {a'), pieces of metal, soft and white,

but oxidized on the outside and generally resembling lead in

appearance, are frequently found in the gold-washing sluice-boxes

of the diggers. I have tested some of these pieces from both places

and found them to be zinc. If my tests be supported by others at

home, the existence of native zinc will be confirmed.

Paarde Plaatz {e').—In the auriferous quartz seams here the

metal platinum occurs, certainly not in large quantity, but fairly

constant, in connexion with the gold.

Lydenhurg (d').—Good copper-ores, sulphide and carbonate,

have been worked here ; near the town on the north side, there are

extensive old workings, now overgrown ; others also are seen near

the Speckboom River.

Rotunda Creek (n).—There is rich, copper-ore here, both car-

bonate and black oxide : and grains of native copper have been

found in the alluvial gold-washing operations.

Kaajo Valley, Welcome Reef (/).—There is a large percentage of

copper-ore in the quartz here ; but no tests have been made of its

value.

Argentiferous galena occurs between the goldfields and Pretoria.

Iron in many forms, including haematite, is abundant in the

Transvaal.

§ 6. The Dioeite Dykes.

Prequent mention has been made of the diorite dykes by which

this region is traversed, and of the rocks being tilted and otherwise

disturbed by their intrusion. There are other points in connexion

with them also worthy of notice. Eefractory as diorite is in its

normal state, it disintegrates much more readily than the softer

* See also ' Guide to the Goldfields,' p. 8.
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shales and sandstoues through which it often passes ; and this fact

gives rise to definite physical and surface-features.

Very prominent objects in the immense plains of South Africa, as

also indeed amongst the mountains, are the long narrow ridges of

what at first sight would appear to be waterworn boulders, but

which are really cores from the concentric weathering of diorite

dykes. Beneath them the whole of the dyke is often entirely

disintegrated into a soft but compact argillaceous mass, passing

gradually down into hard unchanged diorite. I have seen a good

illustration of this where one of the head streams of the Krokodil

Eiver passes through a deep gorge, the almost vertical sides of

which expose a good section of decomposed diorite, capped by a

mass of rounded cores that spread out beyond the walls of the dyke
on either side to some distance. I think the rock weathers more
rapidly below the surface ; it gets washed away beneath the harder

cores, which settle down and accumulate along the line, repre-

senting probably several hundred feet of the dyke, gradually

weathered and removed by denudation.

When no line of cores has been left, which frequently happens
on sloping ground, the course of a dyke may still be traced merely

by changes in the vegetation : a greener tint in the grass—which
is sometimes quite verdant, whilst that on the shales has been
parched to a yellow or brown colour—by lines of bushes, by
the growth of diflPerent kinds of plants, and so on. Single or

parallel lines of dykes may sometimes be detected, even at a great

distance.

Where a dyke crosses a watershed from one valley to another, a

tributary stream usually cuts its course along the weathered

surface into each main valley until the two nearly meet at the

watershed, leaving only a narrow " neck '^ or " pass " between.

The rain-collecting area of such necks being reduced to a minimum,
they are now subject, as ridges often hundreds of feet above the

valleys below, to the least possible action of denudation. A good
illustration of this phenomenon is the neck, about a hundred yards

wide, at the head of two very deep gorges, one opening north, the

other south, just east of the townlands of Lydenburg. On the road

to Spitzkop there are four or five such necks (or weathered dykes)

almost close together, being perhaps a hundred yards apart, many
hundred feet above the ravines, and just wide enough for a waggon-
road, with small rounded hills between them ; these are called the
" DeviFs Knuckles."
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6'.

Eeefs &e.
pg^g^

Hoodie's Eeef 572
UmToti Eee£ , 573
Barber's Eeef 573
Caledonia Eeef 574
(Kaffir Spruit) 574
Welcome Eeef 575

DeKaap 577
Godwaan Plateau 577

1. Homeward-Bound Eeef 577
2. Eautenbacla's Eeef 578

(Farms between Eland's

Spruit and KrokodilEiver) 578
Lydenburg 578
Paarde-Plaatz 579
Mount Joker 580
DeKuilen 580
Boss Hill 580
Grey's Creek (near Spitzkop

Hill) 581
Spitzkop Farm 581
Lisbon and Berlyn (Water-

fall) 582
(Near Pilgrim's Eest) 583

. PeacbTree 584
Eotunda Creek 584
Kaspar's Neck 684
Origbstad Valley 584
Head of Origbstad Valley ... 584

AiiLTJviAL Deposits.

e. Kaffir Spruit 585

a\ DeKaap 585
v. Godwaan Plateau 585

Poverty Creek 585
WiUe/s Creek 585

dj. Lydenburg 585

A.'EossHin 586
i. Grey's Creek 586

/. Spitzkop Farm..... 586
k\ Berlyn and Lisbon (Water-

faU) 586
V. Pilgrim's-Eest Creek 586
m'. PeacbTree 586
n'. Eotunda Creek 586

p'. Origbstad Valley 587

Discussion-.

Mr. C. Thomas said that, having just returned from the country,

he was able to state that the gold£eld extends beyond the limits

mentioned by the Author. It stretches into Swaziland, to the

south and east of the district described.

Mr. BAxrEEiiAif remarked that the occurrence of gold in small

quartz-grains immediately associated with diorite masses, as repre-

sented in the Author's diagram, was a condition well known in the

IJral, Australia, and elsewhere.
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44. On some Erratics in the Boulder-clay of Cheshire, Sfc.^ and

the Conditions of Climate they denote. By Charles Kicketts,

M.D., r.G.S. (Read May 27, 1885.)

[Abridged.]

The glacial phenomena in the valley of the Mersey indicate that,

though during that period the country was entirely covered with ice

and snow, these accumulations were no greater than were derived

from the snowfall on the water-slopes of this and its tributary

valleys. The glacier- strise on the surface of the Triassic rocks

coincide in direction with those of the respective vaUeys, or they

have a direct reference to the contour of the ground. Taking
" Happy Valley " (now Borough E,oad), Birkenhead, as a typical

example, the bottoms of the valleys, where channels have been in

pre-Glacial times, are filled to a limited height with irregularly

stratified beds of sand and gravel, their presence in other valleys

being revealed by excavations and borings for wells, &c. * The
sands have been derived from disintegration of the Trias ; whilst

the pebbles are similar to the erratics so abundant in the Boulder-

clay, excepting that all traces of striae &c. have been removed, it

is presumed, by water which, holding sand in suspension, issued

from beneath glaciers. On these gravels &c. is situated Boalder-

clay containing a much larger proportion of sand and pebbles than

the Boulder-clay proper. The flanks of the valleys frequently

have rock-surfaces covered with unstratified sands and angular

fragments of sandstone, without intermixture of erratic pebbles

;

they are considered to be moraine accumulations left by glaciers

which extended into the sea. The whole is covered with Boulder-

clay, a reddish-brown unstratified clay containing pebbles and
boulders irregularly dispersed through it.

Besides the accumulations of Triassic fragments already alluded to,

others occur at from 125 to 150 feet above ordnance datum, which
must have been formed above the then sea-level, and have resulted

from the action of strictly local glaciers ; one was uncovered a few
years ago at the Birkenhead School, and another occurs near the

cemetery.

The clay of the Boulder-clay may be attributed to the abrasion

of adjacent rocks by glaciers, beneath which it issued in subglacier

rivers highly charged with mud and sand. Such a condition occurs

in Greenland, where the rocks are of granite or of equally in-

destructible material f ; the quantity of sediment must therefore be
immensely increased when the strata passed over are so easily

disintegrated as the Trias and Coal-measures. The water being

* " Buried VaUey of the Mersey," by T. Mallard Eeade, C.E., F.G.S. (Proc.
Liverpool Geol. Soe. 1872-73, p. 42).

t " Physics of Arctic Ice," by Dr. Eobert Brown, F.R.G.S. (Quart. Journ.
Geol. Soc. vol. xxvi. p. 682).

Q.J.G.S. No. 164. 2t
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thus surcharged -with mud may account for the entire absence of

marine life ; fractured, rarely perfect, shells occur sparsely scattered

in the clay, but neyer under such circumstances that it could be

imagined they had lived where found.

The pebbles and boulders imbedded in the clay, and from which
the formation derives its name, consist of fragments of hard rock

from the size of minute grains to two or three feet or more in

diameter, such as may have been derived from lands encompassing

the Bay of Liverpool and the adjoining portion of the Irish Sea

—

from Cumberland, the south-west of Scotland, the north and east of

Ireland, andK'orth^^ales. Their surfaces are very generally flattened,

smoothed, and polished, and a large proportion are covered with

striae, grooves, and scratches, universally acknowledged to have been

caused by abrasion beneath glaciers. If it is conceded that they

have dropped into the clay from floating ice, their number is such

as would indicate that the whole bay was sufiiciently packed with

bergs and floes to prevent altogether the formation of waves *, and

therefore, in the absence of other currents, no evidences of strati-

fication are afforded.

Amongst the erratics in the Boulder-clay may be included masses

of unconsolidated sands and gravels, often alluded to by local

geologists as " pockets of sand," &c. The materials resemble accumu-

lations already referred to as situated in the bottoms of valleys as a

bed upon which the Boulder-clay reposes ; their general shape is

comparable to that of the section representing masses containing a

remarkable collection of dark green blocks of disintegrated traps,

unmixed with other boulders, exposed in 1878 during the con-

struction of the Bootle Docks (fig. 1). These were imbedded in a

Pig. 1.

—

Section in Bootle Docks, Liverpool.

(Length aboat 28 feet.)

a. Trias. h. Gravel. c. Boulder-clay.

d. Masses containing disintegrated Trap.

light green sandy matrix, and formed accumulations which were

very conspicuous, the colour being in marked contrast to that of the

Boulder-clay ; their disintegration must have been due to the same

* " However great the agitation of the sea may be in the open ocean, and

though it may dash its waves with wild fury on the edge of the ice, within the

ice-girdle it is undisturbed" ('New Lands within the Arctic Circle,' by Lieut.

Julius Payer : chap. i. § 23).

In January 1881 the Mersey was covered with floating ice, or rather snow,

for nearly its whole width ; on the waves reaching the ice they terminated in a

swell for a short space, whilst inside the surface was perfectly unmoved.
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causes as that of some boulders of granite and trap to be alluded to

hereafter.

When brick-making was in progress behind the Mission House in

Borough Road, Birkenhead, several blocks (five or six) of sand and clay

were exposed ; they contained a few erratic pebbles as well as

bauds, an inch or so thick, of vegetable mould. In one the claj^ey

and carbonaceous beds were doubled on themselves, being so bent

at the flexure as to squeeze away the clay. In this case also

the loose sand has fallen away and spread from the mass as it

settled down in the Boulder-clay. One piece exhibited spots of

carbonaceous matter, which are probably the rootlets of plants;

these are the only examples of vegetable life met with in the

Boulder-clay*. Being in close proximity to each other, they pro-

bably all dropped from the same iceberg stranded at this spot. The
only locality affording evidence of vegetation, in situ, during the

Glacial Period is at Leighton Hall, Tealand, Lancashire ; it occurs

as a band, ten or twelve inches thick, of Carboniferous-Limestone

pebbles, each of which is covered with an intensely black car-

bonaceous powder ; this bed separates a lower from an upper por-

tion of an accumulation forming a moraine mound, and indicates the

recession, for a series of years, of the glacier by which the mound
was formed.

Blocks of the Boulder-clay itself, which would escape notice

should they occur in the Boulder-clay proper, in consequence of its

identity with them, have been frequently observed in those stratified

sands and gravels, previously referred to, which cover the bottoms

of preglacial valleys such as Happy YaUey (fig. 2) ; similar blocks

Fig. 2.—Section in Happy Valley, BirJcenJiead. (Height 10 feet.)

a. Trias. b. Sand. c. Gravel.

e. Blocks of Boulder-clay in gravel and sand.

d. Boulder-clay.

* Mr. D. Mackintosh, F.G.S., found plant-remains in the Boulder-clay near
Crewe ; and Mr. T. Ward of ISi orthwich presented me with a fragment of wood
obtained at a depth of 35 feet in undisturbed Boulder-clay.

2t2
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also occur in the sandy Boulder-clay which immediately overlies

these sands and gravels. Mr. A. Strahan, P.Gr.S., of H.M. Geolo-

gical Survey, informs me that he has observed them under similar

conditions in other places.

It is more particularly desired to direct attention to the occurrence

of other boulders which frequently bear evidence of glacier-action,

and have also been exposed to other influences before they were
floated away and dropped into the clay. Some, of granite, are

weathered all over, their entire surface being roughened and so far

disintegrated that fragments can be broken oif by the fingers *;

others in the same state have also had a portion split off. Some,
having their surfaces glaciated, crumble into fragments by slight

pressure ; whilst others cannot be removed without separating into

their component crystalline particles, though when in situ each

granule retains its relative position, and a careful removal of the

clay may even show their surfaces to be smoothed and polished.

A somewhat similar kind of weathering is often observed in

various kinds of volcanic rock. In some it peels off in concentric

laminse ; where this disintegration has not penetrated the whole
mass, the central nucleus remains solid and unaffected. Examples
of a different kind are frequent in which the mass is disintegrated

throughout, being easily crushed or broken and the granules sepa-

rated. The striae formed previous to weathering in a few cases

remain visible.

Mr. G. H. Kinahan, of H.M. Geological Survey of Ireland, has

informed me that blocks of disintegrated granite are frequent in the

glacial deposits, especially those of "Wicklow and south-east Wex-
ford, being more prevalent in moraine-drift than in the Boulder-

clay. There are granite boulders, imbedded in moraine accumu-
lations, near Shap, Westmoreland, which have become disintegrated

in various degrees, and to an extent as great as those occurring in

the Boulder-clay of Cheshire, whereas at the present time the Shap
granite, both- in the well-known blocks and in situ, weathers only

on the exterior.

What Mr. iKinahan states respecting the granite boulders of Co.

Wicklow is equally applicable to some of volcanic origin in the

glacial deposits of Co. Antrim, where they occur in every stage of

disintegration, but modified according to their structure. Examples
are met with in moraine- and esker-mounds, and in the Boulder-

clay, exactly corresponding with some in the Boulder-clay of

Cheshire.

Rocks of various kinds are coated with a powder, derived from

their disintegration, generally of a light-green colour, having mixed
with it minute fragments of the same. In some, the general sur-

face of which affords proof of glacial erosion, channels or hollows

have been formed subsequently, these being filled with similar

disintegrated materials. In other instances the weathering has so

* The condition of these granite blocks coincides with the account given of

some in Spitzbergen and Sweden, " spht up whilst in situ by the action of the

frost " (' Arctic Voyages of Prof. Nordenskiold,' by Alex. Leslie, p. 233).
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extended throughout the whole substance that, on removal, they

break up entirely.

A large proportion of Carboniferous-Limestone pebbles bear evi-

dence of atmospheric and chemical erosion in a variety of ways.

Occasionally they are weathered all over, and portions of organisms

stand in relief ; more frequently they are eroded in the same way
over a considerable surface, whilst the remainder continues intact,

with its ice-marks unaffected. A frequent feature is the formation

of channels or hollows in the blocks ; this occurs without affecting

other portions, which may still retain marks of glaciation. This

weathering of limestone appears as if caused by chemical erosion :

but the results so resemble those of other rocks to which this theory

cannot apply, that it is rendered doubtful whether it can be entirely

accounted for by that cause. In many instances limestone pebbles

have been split into fragments which are occasionally in apposition,

but being generally obtained from stone-heaps, they are more fre-

quently detached. A glaciated one found in situ in the Boulder-

clay is split into four fragments, which remain in apposition ; the

split surfaces, as well the outer portion close to them, have sub-

sequently been somewhat eroded since their fracture.

It is evident that these various forms of weathering have occurred

subsequently to giacier-action ; and an examination of what is now
in progress fails to explain these peculiar phenomena. It is only in

Carboniferous-Limestone pebbles contained in morainic accumulations

that examples occur similar to, and even identical with, those

found in the Boulder-clay.

Several pebbles of limestone are not only glaciated, but also

perforated by mollusca and sponges ; as a rule, no shells are retained

in the cavities. There is generally, if not always, evidence that the

borings have been made subsequently to glaciation. In some in-

stances they have afterwards also been again exposed to glacial

friction, and fragments have likewise been broken off prior to their

deposition in the clay. In two instances glaciated and perforated

blocks were found to be afterwards weathered, one over the per-

forated surface, the other as a channel-like groove on the portions

covered with striae. A solitary example of borings in softer lime-

stone (it may be of Antrim chalk) contains many shells entire, and

its surface is covered with SerjDulce.

A very frequent form of weathering in stratified, slaty, and other

rocks is produced by their splitting into pieces, the surfaces thus

formed having undergone little, if any, change ; the fragments are

more frequently detached and separated, but sometimes are in exact

apposition ; or, when split into many parts, some may be contiguous,

whilst others belonging to the same pebble are absent. Occasionally,

but necessarily very rarely, pebbles have the split fragments separated

for a small space, having fallen from each other as they dropped

into the clay. In a glaciated one of Silurian sandstone found

at Little Eye, Hilbre (an island at the mouth of the Dee), the

fragments were an inch and a half from each other with their

relative position changed. Another, at Eock Ferrj", had the
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greater axis somewhat removed from the perpendicular with a

small detached portion lying nearly at a right angle to its original

position, the thinner and lower part not being entirely displaced,

through resting on a slight projection at the lower end of the

fracture (fig. 3).

Similar glaciated pebbles " split and shattered by the frost " into

fragments which still remain exactly in apposition are, in many
districts, buried in moraine accumulations formed on land. These

fractures must have occurred subsequently to the envelopment of

the blocks in glaciers, otherwise the pieces could not have con-

tinued so accurately in position whilst moving beneath such a burden.

Pig. 3.

—

Silurian pebble split, separated, and dAsplaced, as in situ in

Boulder-clay, Rock Ferry. (One third natural size.)

Some erratics are so sculptured into forms dependent on differences

in their texture, that the less easily disintegrated portions, and the

harder materials filling shrinkage -joints, stand prominently in relief
;

some are so fashioned and modelled that every bed, however thin, is

Pig. 4.— WeatJiered block from
Boulder-clay. (One third

natural size.)

Fig. 5.— Weathered block with

smoothed surfaces from
Boidder-clay. (One third

natural size.)

X . Smoothed surfaces.

conspicuous. There exists a great similarity between some such spe-
cimens from the Boulder-clay and others in moraine accumulations
(compare figs. 4-7). This is remarkably the case with two from a
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moraine mound at Leighton Hall ; and another, of fantastic shape, is

hardly distinguishable from an example near Shap, whilst others
of a similar kind bear a striking resemblance to each other.

Fig. 6.— Weathered hlocJc

from Moraine. (One
third natural size.)

rig. 7.— Weathered hlock from
Moraine. (One third natural
size.)

Several blocks, subsequently to being weathered, have had portions

of their surface rubbed ; this generally occurs over a very limited

space, and leaves adjoining and even more prominent parts entirely

untouched (fig. 5). Ko example has jet been found in moraines;

but it may be concluded that this attrition could not have been
caused by propulsion along the rock-surface over which the glacier

moved. It is more probable that, carried forward by an accumulating

glacier, thin pebbles have rubbed against others imbedded in the

same moraine-heap.

Pieces of flint occur in the Boulder-clay, but they are rare.

Some have had flakes forcibly broken off", it may be several from
the same specimen : occasionally the depression is formed which is

the counterpart to the " bulb of percussion ;
" and at this point the

flint is sometimes crushed as if from the intensity of the pressure

by which a flake has been splintered off. In others the more
prominent and rounded portions of the nodules bear evidence of

being rubbed and chipped as by a grinding motion under pressure.

There are none which have been rounded by the rolling motion
caused by waves or currents.

The rarity of flints in the Boulder-clay is not surprising if it is

considered that they have been carried into the Bay of Liverpool by
means of icebergs and floes which ploughed their way across

through closely packed ice, distributing their load of boulders in the

passage ; even in the glacial accumulations in the neighbourhood
of Belfast, in close proximity to the Chalk formation, they are not

found to be very abundant. Many of the flints in the Eskers and



598 ox THE EEEATICS IX THE BOITLDEP.-CLAT OF CHESHERE

in the Boulder-clay near Belfast have chips and flakes broken oif,

and the resulting angles crushed in a similar manner to some in the

Boiolder-clay of Cheshire and Lancashire. The most probable

explanation of the separation of the chips and flakes is that the

liints, \rhilst enveloped in glaciers, passed over the platforms formed
of layers of flints so constantly interstratified with the Chalk or

White Limestone of Co. Antrim.

The peculiar instances of weathering which rocks of difl'erent

kinds have undergone prior to their deposition in the Boulder-clay

appear to have escaped notice almost entirely, with the exception of

blocks of disintegrated granite and trap ; these are too conspicuous

to be overlooked. The consideration of all these phenomena tends

to prove that, during the glacial period, though the climate was
always of an arctic character, with perennial snow resting on the

ground, there were frequent variations in the severity of the

seasons—that a less amount of snow fell during one series of years

than during another, so that for a considerable time glaciers receded,

leaving the contents of moraines exposed to vicissitudes of the

weather, to repeated successions of frost and thaw, probably re-

curring daily during several months in the year. Again they in-

creased in size and carried forward the accumulations as an integral

part of their volume, so that they eventually reached the sea, and
icebergs were formed, "forced ofp from their parent glaciers by the

buoyant action of the sea " and floated away. They cannot be con-

sidered to represent an interglacial period such as the examination

of certain deposits in Scotland and elsewhere is supposed to indicate
;

for these weathered erratics are found in all situations in the Boulder-

clay. The changes in climate which took place appear to have been
not unlike those which occur in Greenland, where it is recorded that

the glaciers have been observed to successiveh' recede and advance to

the extent of several hundred yards *. In some respects they may be

compared to changes of climate in our own country, where some
winters are mild and others severe, some remarkable for abundance

of rain or snow, others for frost and fine weather.

Discussion.

Dr. EvAxs thought the observations of Dr. Eicketts were of very

great interest, whatever interpretation was put upon them.

Dr. HiCES asked if it were not possible that some of the changes

indicated were due to the percolation of water through the sandy

boulder-clays.

The AuTHOE, in reply, said the evidence was entirely in favour of

the decomposition having taken place before the imbedding of the

fragments.

* " On the Ice-fjords of North Greenland," by Amund Helland, of

Christiania (Quart. Journ. Geol. Soc. vol. xxxiii. p. 154).
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the igneous and associated rocks of

the, 532.

Britain and North America, corre-

lation of Silurians of, 57.
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Bunbeg, 227, 237.
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Busk, Mr. George, Award of the

W'ollaston Gold Medal to, Proc. 30.

Caemawr, picrite of, 51.5.
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on boulders wedged in the falls

of the, Proc. 7.
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granulosa, 340.
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punctata, 337.
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venfrosa, 340.

Cyprina angulata, Proc. 2.
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Berlyn, South Africa, 583.

Dipl&podia Malbosii, 447.

versipora, 444.

Diporula, 296.

Dolerite, Mr. J. J. H. Teall on the

metamorphosis of, into hornblende-
schist, 133.

from Scourie Dyke, analysis

of, 135.

Dolerites of the Hebrides, 358 ; struc-

of, 360.

Donations to theLibrary and Museiun,
Proc. 113.

Donegal, Northern, Dr. C. Callaway
on the granitic and schistose rocks

of, 221.

Doocashel, section through, 235.

Downes, Eev. W., on the Cretaceous

beds at Black Ven, near Lyme
Regis, with some supplementary re-

marks on the Blackdown beds, 23.

Drift-deposits of Colwyn Bay, 102.

Drumahoe quarry, 231; section

through, 235.

Dunaff Head, 234 ; granite of, 228
;

section from Londonderry to, 231,
235.

Duncan, Prof. P. Martin, on the
structure of the ambxxlacra of some
fossil genera and species of regular

Echinoidea, 419.

Dunfanaghy, section from, to Kilma-
crenan, 235, 236.

Dunites and gabbro, intersecting veins

of, in olivine rock, 359.

Dunlewv Church, 237 ; section north
of, 226.

Dunree Head, 233, 234; section

through, 235.

Echinoidea, Prof. P. Martin Duncan
on the structure of the ambulacra
of some fossil genera and species of

regular, 419.

Elephaspri'/nigeniusiYora the Creswell-

crag bone-caves, 30, 31.

Enallohelia socialis, 175.

England, Mr. R. E. Tomes on some
Madreporaria from the Cretaceous

formation of, Froc. 11 1.

and North America, correlation

of fish-bearing strata in, 59.

Enstatites of the Hebridean gabbros,

370 ; analyses of, 372 ; changes in,

in Hebridean rocks, 377 ; in palseo-

.

zoic peridotites, 397.

Eocene plant-beds of the basaltic for-

mation of Ulster, 82.

Erratics in the Boulder-clay of Che-
shire &c.. Dr. C. Ricketts on some,

.591.

Eruptive rocks in New Zealand, 196,

215.

Ettingshausen, Baron C. von, on the

fossil flora of Sagor in Carniola,

565.

EusmilinEe, table of genera of, 178.

Eahan station, 232 ; section through,

235.

Earnborough, well-section at, 495

;

railway section at, 500.

Faugher, Upper, section through,

235.

Fault bj-inging shell-beds over lig-

nites, near Husavik, 96.

Felsites, Silurian, from Llanberis

Pass, hollow spheridites in, 167.

Felspar, structure of, in andesites of

Moelly-Golfa, 540.

Felspars of Hebridean gabbros, analy-
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ses of, 863 ; changes in, in Hebridean
rocks, 375.

Ffestiniog, Mr. T. M. Eeade on boul-

ders wedged in the falls of the

Cynfael, Proc. j.

Fish-bearing strata, correlation of, in

England and North America, 59.

Fish, traces of, in the Onondaga red
shale, oS.

Flora, fossil, of Sagor in Carniola,

565.

Foliation in the granite of Donegal,
228.

Foraminifera of the Cambridge green-

sand, Mr, Vine on the, Proc. loi.

Forest, submerged, of Torbay, 9.

Frimley, Mytchett Place, well-section

at, 496.

Fulgurite from Mont Blanc, 152.

Grabbro and dunite, intersecting reins

of, in olivine rock, 359.

Gabbros of the Hebrides, 357.

Gardner, Mr. J. S., on the Lower
Eocene plant-beds of the basaltic

formation of Ulster, 82.

, on the Tertiaiy basaltic forma-
tion in Iceland, 93.

Gault of Elack Yen, fossils of the, 24,

25.

Gippsland, picrite from, 520.

Glacial period in Australia, Dr. R.
von Lendenfeld on the, Proc. 103.

series in Lincolnshire and York
shire compared, 131.

Glenarm leaf-bed, 85.

Gloucestershire, Madreporaria from
the Great OoKte of, 170.

Gneissic structure in Donegal granites,

230.

Gold and nuggets in the Lydenburg
and De Kaap goldfields, 587.

Goniocora, 184.

Goodrington Bay, map of, 11.

beach, section of, 17.

Granitic rocks of [Northern Donegal,

221 ; supposed metamorphic origin

of, 228.

of the Kaap Yalley and
Lydenburg, 570.

Gravels, rearranged, in Colwyn Bay,

105.

Great Crosby, Lancashire, Mr. T. M.
Beade on the evidence of the action

of land-ice at, 454.

Great Oolite, Madreporaria from the,

of the counties of Oxford, Glouces-

ter, and Somerset, 170.

Trigonise, 44.

Green, Prof. A. H., on a section ne^r

Llanberis, 74.

Greenan, Lough, section through,

235.

Gresley, Mr. W. S., on certain fos-

siliferous nodules and fragments

of haematite (sometimes magnetite)

from the (so-called) Permian brec-

cias of Leicestershire and South
Derbyshire, Proc. 109.

Grey marl of New Zealand, paleon-
tology of the, 275.

Groves's Quarry, near Milton, section

in, 171.

Haematite, fossiliferous nodules and
fragments of, Proc. 109.

Hain, picrite of, 520.

Haldon fossils, supplementarj- list of,

26.

Halicore australis, 467.

Halitherium ScJiinzi, 465, 466, 467.

Happy Yalley, Birkenhead, section in,

593.

HatchSe, plan of the country near,

119.

Haverfordwest, Messrs. Marr and
Eoberts on the Lower Pala?ozoic

rocks of the neighbourhood of, 476.
Haycock Hills, section through the,

203.

Hayle, section across the yalley of
the, 67.

Hebridean gneiss, fold in, near Scou-
rie dyke, 142.

Hebrides, Tertiary peridotites of, 356

;

gabbros of, 357 ; dolerites of, 358.
Hegarty's rock, 233.

Helioccenia oolitica, 181.

Hemicidaris cremdaris, 437.
granulosa, 442.

intermedia, 437.

Hemipedina Bowerbankii, 423.
Jardinii, 423.

marchamensis, 424.

tuberculosa, 425.

Hessle Clay, 118.

and Purple Clays, divisional

line between the, in Lincolnshire
126.

Hof, Iceland, 99.

Hofsgil, Iceland, chff and ravine
about 7 miles from, 100.

Hokaniii system, 202 ; eruptive rocks
of the, 215.

Homersham, Mr. C, and Prof. J. W.
Judd on the deep boriug at Rich-
mond, Surrey, 523.

Horn Head, 236.

Hornblende-picrite of Little Knott,
Cumberland, 511.

Hornblende-schist, Mr. J. J.H. TeaU on
the metamorphosis of dolerite into.
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133 ; from Scourie dyke, analysis

of, 137.

Hot springs in New Zealand, 219.

Howick, Auckland, section from, to

the Wairoa river, 210.

Hredevatn, Iceland, 101.

Hughes, Mr. Gr., on some West-Indian
phosphates, 80.

Hulke, Mr. J. W., on the sternal ap-

paratus in Iguanodon, 473.

Hungarian lava and lithophyses, 163,

165.

Hiisavik, marine and freshwater beds

of, 95 ; cliff-section on coast 9 miles

N.E. of, 95 ; fault near, 95 ; section

showing the position of the marine
series of, 97.

Hutton, Oapt. F. W., on the correla-

tion of the " Curiosity-Shop bed " in

Canterbury, New Zealand, 547.

, on the geology of New Zealand,

191.

, on the geological position of the
" Weka-pass Stone " of New Zea-

land, 266.

Hyopsodus, 529.

Iceland, Tertiary basaltic formation

in, 93; hollow spherulites in ob-

sidian from, 166.

Igneous and associated rocks of the

Breidden Hills, 532.

matter. Dr. H. J. Johnston-
Lavis on the injection, extrusion, and
cooling of, Ptoc. 103.

Iguanodon, Mr. J. W. Hulke on the

sternal apparatus in, 473.

Inchcolm, picrite of, 520.

Inferior Oolite Trigonise, 37.

Iron, metallic, in Hebridean gabbros,

374.

Iron-ores of the Rio-Tinto district,

253, 255.

Iron sandstone, traces of fish in the,

58.

Irving, Rev. A., on a general section

of the Bagshot strata from Alder-

shot to Wokingham, 492.

Jasper of the Eio-Tinto district,

249.

Jeffreys, Dr. J. Gwyn, list of fossil

shells from Iceland, 96.

Johnston-Lavis, Dr. H. J., on the

physical conditions involved in the

injection, extrusion, and cooling of

igneous matter, Proc. 103.

Jones, Prof. T. Rupert, on the Ostra-

coda of the Purbeck formation,

vpith notes on the Wealdeu species,

311.

Judd, Prof. J. W., on the Tertiary
and older peridotites of Scotland
354.

, and Mr. C. Homersham, on
the deep boring at Richmond, Surrey,
uZo.

Jukes-Browne, Mr. A. J., award of
the Lyell Geological Fund to, Proc.

34.

, on the Boulder-clays of Lincoln-
shire

; their geograpliical range, and
relative age, 114.

Kaap Valley, geology of the, 570

;

granitic rocks of the, 570 ; Silurian
rocks of the, 570 ; Devonian rocks
of the, 576.

Kaihiku series, 203.

Kaikoura formation, 201.

peninsula, section of east head
of, 273 ;

plan and section of south
beach of, 273.

Kakaniii series, 199.

Kanieri series, 209.

Kereru series, 211.

Edston, Mr. R., on the relationship

of Ulodendron, Lindl. and Hutt., to

Lepidodendron, Sternb., Bothroden-
dron, Lindl. and Hutt., SigiUaria,
Brongn., and Bhytidodendron, Bou-
lay, Proc. 98.

Kilmacrenan,sectionfrom Dunfanaghy
to, 235, 236.

series of schistose rocks, 230.

Lancashire, Mr. T. M. Reade on the
evidence of the action of land-ice

at Grreat Crosby, 454.
Land-ice, evidence of the action of, at

Grreat Crosby, Lancashire, 454.

Land's End, Cornwall, Pliocene de-
posit at St, Erth, near the, 65.

Lavas, ancient British, Mr. Gr. A. J.

Cole on the occurrence of hollow
spherulites in, 162.

Leaf-beds, Ballypalady, 85 ; Glenarm,
85 ; Ballintoy, 86 ; Ardtun, 92.

Leicestershire, fossiliferous nodules
and fragments of hsematite from
the Permian breccias of, Proc.

109.

Lekythopora hystrix, 308,

Lendenfeld, Dr. R. von. on the gla-

cial period in Australia, Proc. 103.

Lepidodendron, relationship of Ulo-
dendron to, Proc. 98.

Lepralia confinita, 299.

— edax, 297.
— eseharella, 298.
— subimmersa, 299.
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Liassic Trigoniae, 35.

Liclienopora paucipora, 113.

Lincolnshire, Mr. A. J. Jukes-Browne
on the Boulder-clays of, 114.

, sketch-map of, showing the range

of the Boulder-clays, 115.

and Yorkshire, glacial series in,

131.

Lingula flags near Hayerfordwest,

476, 486.

List of fossil shells from Iceland,

96.

Lithophyses, 163, 164, 165.

Little Knott, Prof. Bonney on the

so-called diorite of, 511.

Liverpool, section in the Bootle Docks,

592.

Llanberis, Prof. A. H. Green on a

section near, 74.

Pass, hollow spherulites in

felsites from, 167.

Llandeilo limestone near Haverford-

west, 477, 486.

Llandovery beds, Lower, near Haver-
fordwest, 485, 489.

Llyn Padarn, section along part of the

Dinorwig railway, on the north-

east side of, 75,

Lodes, pyrites, of the "Rio-Tinto dis-

trict, 255 ; manganese, of the Rio-

Tinto district, 259.

Londonderry, section from, to Dunaff
Head, 231, 235.

Lough-Foyle series of schistose rocks,

230.

Lough Grreenan, section on, 223, 224

;

section through, 235.

Lough-Neagh formation, 87.

Lough Salt, section through, 235.

Low Barf, section through, 125.

Ludlow rocks in the Breidden Hills,

538.

Lydekker, Mr. E,., on the zoological

position of the genus Microchoerus,

Wood, and its apparent identity

with Hyopsodus, Leidy, 529.

Lydenburg and De Kaap, Mr. W. H.
Penning on the goldfields of, 569.

Lyell Geological Fund, award of the,

to Mx. A. J. Jukes-Browne, Proc,

34-

Medal, award of the, to Prof.

H. G. Seeley, Proc, 33.

Lyme Regis, Cretaceous beds at Black
Ven near, 23.

Madreporaria, Mr. R. F. Tomes on
some, from the Cretaceous forma-
tion of England, Proc. 1 1 1.

, Mr. Tomes on some, from
the Great Oolite of the coun-

ties of Oxford, Gloucester, and
Somerset, 170.

Maerewhenua limestone, list of fossils

from the, 558.

Magnetite, Proc. 109.

Maitai system, 200 ; eruptive rocks

in, 215.

Major, Dr. C. J. Forsyth, on the

mammalian fauna of the Val
d'Aj'no, 1.

Malin and Malin Head, 234.

Head, granites of, 228.

Mammalian fauna of the Val d'Arno,

Dr. C. J. Forsyth Major on the, 1.

Manapoiiri system, 198 ; eruptive

rocks in, 215.

Manatus senegalensis, 468.

Manganese lodes of the Rio-Tinto

district, 259.

Map of Lincolnshire, showing range

of boulder-clays, 115; of Paignton
and Goodrington Bays, 11; showing
the western extension of the Clifton

fault, 147 ; of the South Island of

New Zealand, 195 ; of the Yalley

of the Waitaki and neighbouring
region, 561.

Marr, Mr. J. E., and Mr. T, Roberts,

on the Lower Palaeozoic rocks of

the neighbourhood of Haverford-
west, 476.

Mastigophora Dutertrei, 301.

Matakea series, 204.

Mataiira series, 204.

May-Hill beds in the Breidden Hills,

536.

Memhranipora aperta, 286.

circvdaris, 286.

Flemingii, 288.

Michaudiana, 289.

parvicella, 288.

radicifera, 287.

rhynchota, 287.

Savartii, 286.

temporaria, 288.

trifolium, var. propinqua, 289.

Mesa de los Pinos, section in railway-

cutting on the west side of the,

253 ; analysis of iron-ore from the,

253.

Metacypris Forhesii, 345.

, var. verrucosa, 345.

Metals and minerals in the Lydenburg
and De Kaap goldfields, 588.

Metcalfe, Mr. A. T., on the discovery

in one of the bone-caves of Creswell

Crags of a portion of the upper jaw
of Elephas -primigenius, containing

in situ the first and second milk-

molars, 31.

Microchoerus, Mr. R. Lydekker on the
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zoological position of the genus,

529.

MicrocJuBrus erinaceus, 529.

Micropora patida, 290.

perforata, 290.

Microporello. elevata, 296.

grisea, 294.

magna, 295.

magnirostris, 296.

pocilUformis, 295.

Microsolena excelsa. 188.

Middletown Hill, section across, 5.35
;

section from, to Purton Wood, 5.37.

Milton, section in Groves' s quarry near,

171.

Minerals composing the peridotites

and allied rocks in the Western
Islands. 362.

of Xew Zealand, 219.

, constituent, of picrites, 520.

and metals of the Lvdenburg and
De Kaap goldfields, 588.

Moel-y-Golfa, igneous rocks of, 539.

Moldauthein. in Bohemia, Bouteillen-

stein of, 152.

Monoporella sexangularis, 291.

Mont Blanc, fulgurite from, 152.

Montgomeryshire, East, the igneous

and associated rocks of the Breidden

HiUs m, 532.

Montlivaltia, 182.

Moorhey brick and tile works, section

at, 455.

Morgan, Prof. C. L., on the S.W. ex-

tension of the CKfton fault, 146.

Motunau Creek, section across the

south branch of the, 270.

Mount Arthur series, 199.

Brown, section through, 209.

Hamilton, section through,

203.

Torlesse formation, 201, 203.

MucroneUa mucronata, 293.

nitida, 293.

coccinea, var. mamillata, 294,

Mull, Ardtun leaf-bed, 92.

Murchison Geological Fund, award of

the, to Mr. H. B. Woodward, Proc.

32.
. Medal, award of the, to Dr. F.

Eomer, Proc. 31.

JSeoplagiav.lax , comparison of teeth of,

with those of Tritylodxm, 28.

' eoccsnus, molar teeth of, 28.

IS'ew Zealand, Capt. F. W. Hutton on
the geology of, 191.

•

, on the geological position

of the "Weka-pass stone" of, 266.

-, correlations of the " Cn-
riosity-Shop bed," 547.

Xew Zealand, raised beaches in, 212

;

section from the west coast of, to

Tasman's Bay, 200 ; table of sedi-

mentary formations in, 194.

!Xiagara group, fossils of, compared
with those of the Wenlock lime-

stone, 57.

Xorth America and England, correla-

tion of fish -bearing strata in, 59.

and Briton, correlation of
Silurians of. 57.

Xorth Island of Xew Zealand, 196.

Xorth Wales coal-field, Mr. D. 0.
Daries on the, Proc. 107.

Oamarii, list of Ototara fossils from,
556.

svstem, 206 ; eruptive rocks of

the, 215.

Obsidian with hollow spheruHtes from
Bearer Lake, 164, 165; from Ice-

land, 166.

Olivine in palaeozoic peridotites, 397.
Olivine-rock, intersecting veins of

gabbro and dimite in. 350.

Olivines of the Hebridean gabbros,

373 ; analysis of, 374.

Onchus cli?itoni, 61.

2)e7'( nsylvanicus, 61

.

Onondaga Eed Shale, traces of fish

in the. 58.

OoHtic Trigoniae, 37.

Ophitic structure of dolerites, 360.

Oreti river, section from the, to the
Takitimii mountains, 203.

Ormond series, 211.

Oroseris Slatteri. 187.

Ostracoda ofthePurbeckandWealden,
311.

Ovibos moschatv.s, 242,

Owen, Sir Eichard, on remains of
Hephas primigenius from one of
the Creswell bone-caves, 31.

, on the resemblance of the upper
molar teeth of an Eocene mammal
{Iseoplagiaulax, Lemoine) to those

of Tritylodon, 28.

Oxford clay, occurrence of, in deep
well-boring at Chatham, 526.

Oxfordshire, Madreporaria from the
Great Oolite of, 170.

, Xorth, ^li. E. A. Walford on
the TrigonicB of the Lower and
l^Iiddle Jurassic beds of, 35.

Paignton Bay, map of, 11.

Palceaspis, 54, 56, 62.

americana, 62.

hitrv.nca.ta, 62.

Palaeozoic rocks, Lower, of the neigh-

bourhood of Haverfordwest, 476.
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Pareora system, 209 ; eruptive rocks

of the, 216.

Parte n Wood, section from Middle-
town Hill to, 537.

Peat-deposits, Pleistocene, on Beh-
riug's Island, Dr. H. Woodward on
a skeleton of Bhytina gigas from
the, 457.

Peat-mosses in Xew Zealand, 213.

Pebbles, split, from Boulder-clay,

596.

Pedina Smifhii, 433.

Penarfjnydd, picrite of, 517.

Pengorpbwysfa, picrite of, 516.

Penmaenmawr, till at, 105.

Penning, ^Ir. W, H., on the goldfields

of Lydenburg and De Kaap. in the
Transvaal, South Africa, 569.

Peridotites, Prof. J. W. Judd on the

Tertiary and older, of Scotland, 354.

, Tertiary, 356 ; Palaeozoic, 395.

, Palasozoic. alteration of minerals

in, 396; varieties of the, 398.

Permian breccias of Leicestershire

and South Derbyshire, fossiliferous

nodules and fragments of haematite

from the, Proc. 109.

Petane series, 211.

Phosphates, Mr. G. Hughes on some
West-Indian, 80.

Phyllopora tumida, 109.

Picrite-boulder near St. Davids, 518.

Picrites, altered paleeozoic, of Scotland,

400.

, occurrence of, in Wales, 511

;

of Anglesey and Caernarvonshire,

515
;

paragenesis of minerals of,

520.

Pidgeon, Mr. D., on some recent dis-

coveries in the submerged forest of

Torbay, 9.

Plan of country near HatcLiffe, 119.

Plant-beds, Lower Eocene, of the

basaltic formation of Ulster, 82.

Platastrgea Conybeari, 184.

Pleistocene peat-deposits, skeleton of

Bhytina gigas from the, onBehring's
Island, 457.

series in New Zealand, 212.

Plesiodiadema Michelini, 430.

Pliocene deposit at St. Erth, near the

Land's End, Cornwall, ^b.

Plutonic rocks, deep-seated, changes
of the minerals in, .383.

Polj'zoa of the Cambridge Greensand,
Mr. Vine on the, Proc. loi.

Porfido-rosso antico, brecciated, 157.

Porphyries of the Rio-Tinto district,

250.

Porphyritic masses in the Rio-Tinto
district, section, 252.

Q. J. G. S. No. 164:.

Porphyritic schists of the Rio-Tinto

district, 251.

Porphyro-granulitic structure of do-

lerites, 361.

Preston Sands, plan of outcrops

observed on, 12.

Prorastomus, 465.

Pseudo-chrysolite, or Bouteillenstein,

of Moldauthein in Bohemia, 152.

Pseudodiadema defresmra, 429.

hemisjjhcsricwn, 428, 429.

Pteraspidian fish from the L^pper

Silurian rocks of North America,

48.

Pteraspis, 50.

Purbeck formation. Prof. T. Rupert
Jones on the Ostracoda of the,

311.

Purple and Hessle clays, divisional

line between the, in Lincolnshire,

126.

Putataka series, 202.

Putiki series, 211.

Pyritic region of the Sierra Morena,
Mr. J. H. Colhns on the, 245.

Pyrites deposits of the Rio-Tinto dis-

trict, 245.

of the Rio-Tinto district, 255;
analyses of, 258, 259.

Pyroxenes in andesites of Moel-y-
Golfa, 541.

in diabases of the Breidden Hills,

544.

, rhombic, in palaeozoic peri-

dotites, 397.

. changes in, in Hebridean rocks,

377. ^

of the Hebridean gabbros,

366.

Raised beaches in New Zealand,

212.

Reade, Mr. T. Mellard, on the drift-

deposits in Colwyn Bay, 102.

, on the evidence of the action

of land-ice at Great Crosby, Lan-
cashire, 454.

, on boulders wedged in the

Falls of the Cynfael, Ffestiniog,

Proc. 7.

Redcliffe Towers, section of the ex-

posure at, 20.

RedhiU shales, 482, 488.

"Reefs" of the Lydenburg and De
Kaap goldfields, 572, 577.

Renai'd, Prof, award of the Bigsby
Gold Medal to, Proc. 35.

Rhyncliopora bispinosa, 302.

Rhytidodendron, relationship of Llo-
dendron to, Proc. 98.

2 u
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Rhytina gigas, skeleton of, from the

Pleistocene peat-deposits on Beh-
ring's Island, 457.

Richmond, Surrey. Prof. Judd and
Mr. 0. Homersham on the deep
boring at, .52.3.

Ricketts, Dr. C. on some erratics in

the Boulder-clay of Cheshire &c.,

and the conditions of climate they
denote, 591.

Eimutaka series, 201.

Eio-Tinto district, general description

of the, 246 ; stratigraphy of the,

261 ; ore deposits of the, 262 : sur-

face geology of the 263.

mines, Mr. J. H. Collins on
the geology of the, 245.

Eiver-Murray cliffs, Chilostomatou3
Bryozoa from the, 279.

Eiwaka mountains, section through
the, 200.

series, 198.

Roberts, Mr. T., and Mr. J. E. Marr,
on the Lower Pakeozoic rocks of

the neighbourhood of Haverford-
west, 476.

Robeston Wathen limestone, 479, 487.
Romer, Dr. F., award of the Mur-

chison Medal to, Proc. 31.

Rotten reef. Spitzkop, section of, 581

.

Rum, peridotites of, 390.

Rutley, ilr. Frank, on fulgurite from
Mont Blanc ; with a note on the
Bouteillenstein or pseudo-chrysolite

of Moldauthein in Bohemia. 152.

, on brecciated porfido-rosso

antico, 157.

Sagor, in Carniola, fossil flora of, 565.

St. Davids, picrite boulder near, 518.

St. Erth, Pliocene deposit at, 65.

, section in pit near the vicarage,

66.

, section across the Havle vallev

at, 67.

Salt. Lougfh, section through, 235.

SandafeU,^ Iceland, 98.

Scaphaspis, 50.

Schillerizatiou, 383, 408.

Schistose rocks of iS'orthern Donegal,

221, 230.

Schists, porphyritic, of the Rio-Tinto
district, 251.

Sehizoporella Cecilii, 301.

fenestrata, 301.
= phymatopora, 300.

protensa, 301.

simplex, var. aldingensis, 30O.

striatula, 301.

Schriesheim picrite, 520.
Scotland, Prof. J. W. Judd on the Ter-

tiary and older peridotites of, 354.

Soourie Dyke, analysis of andesine
from, 135 ; analysis of dolerite

from, 135 ; analysis of hornblende-
schist from, 137.

, metamorphism in the, 139,

Scvelite of Caithness, 401 : analyses

of, 402.

Sections of G-oodrington beach, 17

;

of the exposure at Reddiffe Towers,

20 ; in pit near St. Erth vicarage.

66 ; across the valley of the Havle
at St. Erth, 67; along a part of

the Dinorwig railway, on the

north-east side of Llyn Padarn, 75,

76 ; on coast nine miles N.E. of

Hiisavik, 95 ; showing the position

of the marine series of Hiisavik,

97; in ravine seven miles from
Hofsgil. Iceland, 100 ; in Colwv-n

Bay, 102, 103 ; through Low Barf,

125 ; showing the erosion of the

chalk-wolds, 129; of a fold in

Hebridean gneiss, 142 ; from the

west coast of iSTew Zealand to Tas-

man's Bay, 200 : from Howick,

Auckland, to the Wairoa river, 210

;

from the Areti river to the Taki-

timii mountains, 203 ; in Barnesbeg

Gap and on Lough Grreenan, 223

;

west of Croagh, 225 ; north of Dim-
lewy Church, 225 ; from Dunaff
Head to Londonderry, 235; from
Dunfanaghy to Kilmacrenan, 235 ;

showing porphyritic masses in the

Rio-Tinto district, 2.52 ; in railway-

cutting on west side of the Mesa
de los Pinos, 252 ; of the south

lode at Rio Tinto, 260 ; showing
kernels of cobaltiferous o-side of

manganese, near Bella Yista, Rio-

Tinto district, 261 ; across the

river Waipara, 269 ; along Weka
Pass, 269 : on south bank of Con-
way river, 271 ; through Amuri
South Bluff, 272 ; of east head of

Kaikoura peninsula, 273 ; of south

beach of Eaikoura peninsula, 273
;

at Moorhey brick and tile works,

455 ; in deep boring at Wellington

College, 494; on South-eastern

Railway near Wellington College,

498 ; across the valley of Aldershot

town, 502 ; in cutting north of

Wokingham station,' 505 ; across

Middletown Hill, 535 , in small

tributary of Belleisle Brook, 545

;

of Curiosity- Shop on the left bank

of the Rakaia river, 547 ; showing

the general form of the country- and
the fall of the rivers from the High
Veldt, 571 ; of rotten reef, Spitz-

kop, 581 ; of diorite dyke, Lisbon-
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Berlyn, S. Africa, 583; in Bootle
Docks, Liverpool, 592 ; in Happy
Valley, Birkenhead, 593.

Sedimentary formations in New Zea-

land, table of, 194.

Seeley, Prof. H. G., award of the

Lyell Medal to, Proc. 33.
Selenaria maculata, 308.

Shells, fossil, collected by Mr. J. S.

Grardner in Iceland, 96.

Shiant Isles, peridotite of the, 393.

Sholeshook limestone, 480, 487.

Shrewsbury coal-field, Mr. D. 0.

Da vies on the, Proc. 107.

Shropshire, West, the igneous and
associated rocks of the Breidden
Hills in, 532.

Sierra Morena, pyritic region of the,

245.

Sigillaria, relationship of Ulodendron
to, Proc. 98.

Silurian rocks of the Breidden Hills,

536.

, Lower, of Welshpool,
species of PhyUoj)ora and Tham-
niscus from the, 108.

, Upper, of North America,
Pteraspidian fish from the, 48.

Silurians of North America and
Britain, correlation of, 57.

Sirenia, list of fossil, 470 ; biblio-

graphy, 471.

Slade beds, 483, 488.

Slates of the Eio-Tinto district, 246
;

analyses of, 247.

Smittia Landsborovii, 300.

Milneana, var. cosequata, 300.

Tatei, 299.

Somersetshire, Madreporaria from
the Great Oolite of, 170.

South Africa, goldfields of Lydenburg
and De Kaap, in the Transvaal,

569.

Island of New Zealand, 194.—- lode at Rio Tinto, sections of

the, 260.

Spherulites, hollow, Mr. Gr. A. J. Cole
on, 162.

Spinellids of the Hebridean gabbros,

374.

Spitzkop, section of rotten reef, 581.

Stafholt, Iceland, 101.

Steganoporella magnilabris, 292.

Rozieri, var. indica, 292.

Sternal apparatus in Iguanodon, Mr.
J. W. Hulke on the, 473.

Stomechinus bigranularis, 435.

Stonyhurst, 271.

Strongylocentrotus, 421.

Stylosmilia excclsa, 180.

reptans, 1 79.

Syenite of the Eio-Tinto district, 249.

Takaka river, section crossing the,

200.

system, 198.

Takitiinu mountains, section from the

Oreti river to the, 203.

Tasman's Bay, section from the west

coast of New Zealand to, 200.

Tawhiti series, 209.

Teall, Mr. J. J. H., on the meta-
morphosis of dolerite into horn-
blende-schist, 133.

Te Anau series, 201.

Tertiary basaltic formation in Ice-

land, 93.

Thamniscus antiquus, 111.

Thamnocoinia oolitica, 177.

Thrust, lateral, evidence of, in granites

and schists of Northern Donegal,

238.

Thrust-plane, section of, 233.

Till, bluish-grey, in Colwyn Bay, 103,

105.

Tjarnir, Iceland, 98.

Tomes, Mr. R. F., on some imper-

fectly known Madreporaria from
the Cretaceous formation of Eng-
land, Proc. III.

, on some new or imperfectly

known Madreporaria from the

Great Oolite of the counties of

Oxford, Gloucester, and Somerset,

170.

Torbay, Mr. D. Pidgeon on some
recent discoveries in the submerged
forest of, 9.

Transvaal, goldfields of Lydenburg
and De Kaap, 569.

Tricycloseris, 187.

Trigonia Lycettii, 42.

, var. corrugata, 43.

northamptonensis, 35.

pullus, 45.

sp., 45.

TrigonicB, Mr. E. A. Walford on the,

of the Lower and Middle Jurassic

beds of North Oxfordshire and ad-

jacent districts, 35.

Trigoniffi from the Lias, 35 ; from
the Inferior Oolite, 37 ; from the

Great Oolite, 44.

Trinucleus-seticornis beds, 480, 487.

Tritylodon, comparison of teeth of,

with those of Neoplagiaulax, 28.

Turanganiii series, 207.

Twinning, lamellar, in felspar-crystals,

364.

Ulodendron, Mr. R. Kidston on the

relationship of, to Lepidodendron,

Bothrodendron, Sigillaria, and Rhy-
tidodeudron, Proc. 98.
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Ulster, Lower Eocene plant-beds of

the basaltic formation of, 82.

Ultra-basic rocks, Tertiary, of the

Hebrides, 389.

Val d'Arno, mammalian fauna of the,

1.

Vine, Mr. Gr. E., on species of VTiyl-

lopora and Thamniscus from the

Lower Silurian rocks of Welshpool,
Wales, 108.

, on the Polyzoa and Forami-
nifera of the Cambridge Greensand,
Proc. loi.

Voluta Lamberti, Proc. 2.

Waihao limestone, fossils from the,

559.

Waipara river, section across the,

269.

system, 204; eruptive rocks of

the, 215.

Wairoa series, 202.

Waitaki, valley of the, fossils from
the, 558 ; map of the valley of the,

and neighbouring region, 561.

Waitemata series, 209.

Wales, occurrence of picrites in, 511.

Walford, Mr. E. A., on the strati-

graphical positions of TrigonicB of

the Lower and Middle Jurassic

beds of North Oxfordshire and ad-

jacent districts, 35.

Wanaka series, 199.

Wanganiii system, 211 ; eruptive

rocks of the, 217.

Waters, ferruginous, from Eio-Tinto

mines and works, 255.

Waters, Mr. A. W., on Chilostomatous
Bryozoa from Aldinga and the

Murray-Eiver cliifs. South Aus-
tralia, 279.

Watts, Mr. W. W., on the igneous

and associated rocks of the Breidden
Hills, in East Montgomeryshire and
West Shropshire, 532.

Wealden Ostracoda, Prof. T, Eupert
Jones on the, 311.

Weka Pass, section along, 269.
" Weka-pass Stone " of New Zealand,

Capt. F. W. Hutton on the geo-

logical position of the, 266.

, list of fossils from the,

554.

, palaeontology of the, 275.

Well-boring, deep, at Eichmond, 523

;

at Chatham, 526.

Wellington College, section across tlie

valley north of, 503 ; road-section
north of, 504.

lakes, sections at, 499.
, well-section at, 493, 494.

' station, railway-cuttings

at, 496, 498.

Well-sections in Bagshot area, 493.
Welshpool, Mr. G-. E. Vine on species

of Phyllopora and Thamniscus from
the Lower Silurian rocks of, 108.

Wenlock limestone and Niagara group,
fossils of the, compared, 67.

shale in the Breidden Hills,

537.

Westem Isles, Tertiary peridotites of,

356 ; gabbros of, 357 ; dolerites of,

358.

West-Indian phosphates, Mr. G.
Hughes on some, 80.

Westland formation, 201.

Wokingham, Eev. A. Irving on a
general section of the Bagshot strata

from Aldershot to, 492.

, Bagshot series at, 504 ; section

in cutting at, 505.

Wollaston Donation Fund, award of

the, to Dr. C. Callaway, Proc. 31.

Gold Medal, award of the, to

Mr. George Busk, Proc. 30.

Wood, Mr. Searles V., table of dis-

tribution of fossil shells from Ice-

land, 96.

, on a new deposit of Pliocene
age at St. Erth, near the Land's
End, Cornwall, 65.

Woodward, Mr. H. B., award of the

Murchison Geological Fund to,

Proc. 32.

, Dr.H. , on an almost perfect skele-

ton of Rhytina gigas {Rhytina Stel-

leri, " Steller's Sea-cow"), obtained

by Mr. E. Damon from the Pleis-

tocene peat-deposits on Behring' s

Island, 457.

Yateley Green, well-section at, 500.

Yorkshire and Lincolnshire, glacial

series in, 131.

York Town and Camberley, sections

at, 499.

END OF YOL. XLI.

Printed by TATiOR and FRANCIS, Bed Lion Court, Fleet Street,



PEOCEEDINGS

OP THE

GEOLOGICAL SOCIETY OF LONDON.

SESSION 1884-85.

November 5, 1884.

Prof. T. G. Bonnet, D.Sc, LL.D., E.E.S., President, in the Chair.

William Lower Carter, Esq., B.A., Emmanuel College, Cambridge,
was elected a Fellow of the Society.

The Seceetary announced^that a water-colour picture of the Hot
Springs of Gardiner's Eiver, Yellowstone Park, Wyoming Territory,

U.S.A., which was painted on the spot by Thomas Moran, Esq.,

had been presented to the Society by the artist and A. G. Henshaw,
Esq., F.G.S.

The List of Donations to the Library was read.

The following communications were read :

—

1. " On a new Deposit of Pliocene Age at St. Erth, 15 miles east

of the Land's End, Cornwall." By S. Y. Wood, Esq., E.G.S.

2. " The Cretaceous Beds at Black Yen, near Lyme Eegis, with

some supplementary remarks on the Blackdown Beds." By the

Eev. W. Downes, B.A., E.G.S.

3. " On some Eecent Discoveries in the Submerged Forest of

Torbay." By D. Pidgeon, Esq., F.G.S.

The following specimens were exhibited :

—

Specimens exhibited by Searles Y. Wood, Esq., the Eev. W.
Downes, B.A., and D. Pidgeon, Esq., in illustration of their papers.

a
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A worked Flint from the Gravel-beds (? Pleistocene) in the

Yalley of the Tomb of the Kings, near Luxor (Thebes), Egypt, ex-
hibited by John E. H. Peyton, Esq., F.G.S.

Specimens of Valuta Lamberti from the Coralline Crag, and of

Cyprina angulata from the Blackdown beds, exhibited by W. H.
Dalton, Esq., E.G.S. Upon these specimens the following note by
Mr. Dalton was read :

—" The attention of the Society being directed

to the Blackdown beds, it may be worth while to note a peculiar

feature in the specimen exhibited of Oyprina angulata, Fleming,
belonging to the Museum of Practical Geology, and brought here to-

night by the kind permission of the Director-General of the Geolo-

gical Survey.
" The valve, lying with its concavity downwards, has but partially

imbedded itself in the sediment, and in subsequent silicification a
film of chalcedony has been deposited on the free surface of the

matrix within the shell.

" Similar surfaces are shown by the casts of Valuta Lamberti,

Sowerby, also here exhibited, from the collection of Mr. H. Stopes,

F.G.S. These were found in a small quarry of the Coralline Crag
rock-bed at Aldborough. They show that as the shells lay on the

sea-bed, the upper part of each whorl was occupied by gases arising

from the decomposition of the animal, to the exclusion of the cal-

careous mud, which could only rise to the crest of the arch of each

successive suture. Its surface within the shell was not a plane, like

that of the Blackdown specimen, but shows, for each whorl, an
upward bulge in the centre, an annular depression near the edge,

and a rise from this hollow to the interior surface of the shell, indi-

cating the effect of alternating pressures (probably tidal) acting,

through the mouth of the shell, on the elastic cushion of imprisoned

gases, which would have escaped by the spiral, had the shells been
rolled over two or three times only by currents.

"

November 19, 1884.

Prof. T. G. Bonnet, D.Sc, LL.D., F.E.S., President, in the Chair.

Nicol Brown, Esq., 34 Canonbury Park, IN".; James Charles

Chaplin,': Esq., 10 Earl's Court Square, S.W. ; Herbert W. Hughes,

Esq., Assoc. K.S.M., Priory Farm House, Dudley ; and Eev. Samuel

Pilling, Osborne Terrace, Regent Eoad, Blackpool, were elected

Fellows; Professor A. L. 0. Descloizeaux, of Paris, a Foreign

Member ; and Professor Hermann Credner, of Leipzig, a Foreign

Correspondent of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. " Note on the Resemblance of the Upper Molar Teeth of an

Eocene Mammal {Neoplagiaulax, Lemoine) to those of Tritylodon"

By Sir Richard Owen, K.C.B., F.R.S., F.G.S.

I
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2. " On the Discovery in one of the Bone-caves of Creswell

Crags of a portion of the Upper Jaw of Elephas primigenius, con-

taining, in situ, the first and second Milk-molars (right side)." By
A. T. Metcalfe, Esq., F.G.S.

3. " N'otes on the Remains of Elephas primigenius from one

of the CresweU Bone-caves." By Sir R. Owen, K.C.B., F.R.S.,

F.G.S., &c.

4. " On the Stratigra]3hical Positions of the Trigonice of the Lower
and Middle Jurassic Beds of North Oxfordshire and adjacent districts."

By Edwin A. Walford, Esq., F.G.S.

The following objects were exhibited :—

Micro-photographs, illustrating secondary structures in some
Sutherland rocks, exhibited by J. J. H. Teall, Esq., E.G.S.

A specimen of Silver Glance incrusting Calcite, from Rabbit
Mountain, Lake Superior, exhibited by H. Bauerman, Esq., F.G.S.

A new substage Condenser for the Microscope, exhibited by Dr.

G. C. WaUich.
Specimens exhibited by Messrs. Metcalfe and Walford, in illus-

tration of their papers.

December 3, 1884.

Prof. T. G. BoKNET, D.Sc, LL.D., F.R.S., President, in the Chair.

Walter Henley Bartlett, Esq., E.R.A.S., 4 Great George Street,

Westminster, S.W. ; Thomas Brook, Esq., Assoc. M. Inst. C.E.,

Hartley, Kirkburton, near Huddersfield ; Charles Ziethen Bunning,
Esq., Warora, Central Provinces, East Indies ; Thomas Edward
Candler, Esq., Canton Club, Canton, China ; Orville Adelbert Derby,
Esq., Rio de Janeiro, Brazil ; Colin Docwra, Esq., Balls Pond Road,
N. ; Charles Eastwood, Esq., Linacre Works, Bootle, Liverpool;

Frank Lynwood Garrison, Esq., 1523 Girard Avenue, Philadelphia,

U.S.A. ; Richard Charles Hills, Esq., 448 Welston Street, Denver,
Colorado, U.S.A. ; Frank Johnson, Esq., Rio Tinto, and 379 Euston
Road, ]^.W. ; Sir Herbert Eustace Maxwell, Bart., M.P., Monreith,
WhauphiU, N.B. ; W. J. E. de MliUer, Esq., Landhof, Bern'
Switzerland ; James Sterling, Esq., F.L.S., District Surveyor, Omeo,
Yictoria; Thomas Henry Ward, Esq., E.I.R. Collieries, Giridih^

Bengal ; Rev. Brownlow J. Westbrook, Greymouth, 'New Zealand

;

and W. Hoffman Wood, Esq., 14 Park Square, Leeds, were elected

Fellows of the Society.

The List of Donations to the Library was read.

The Seceetakt announced that the following specimens had been
presented to the Society's Museum :

—

Specimens illustrating a paper on the Serpentines of Porthalla
Cove (Q. J. G. S. vol. xl. p. 458), presented by the author, J H
Collins, Esq., F.G.S.
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Two slides with Cretaceous Lichenoporidse, illustrating a pap

in the Q. J. Gr. S. vol. xl. p. 850, presented by the author, G. R. Yin
Esq.

Specimens of Fossil Bryozoa from Muddy Creek, Yictoria, pre-

sented by J. Bracebridge Wilson, Esq., of Geelong.

Casts of Eootprints in the Lower New Eed Sandstone of Penrith,

illustrating a paper in the Q. J. G. S. vol. xl. p. 479, presented by
the author, G. Varty Smith, Esq., E.G.S.

The President announced the great loss which the Society had
sustained in the decease of Mr. R. A. C. Godwin-Austen, F.E.S.,

which took place at his country seat, Shalford House, near Guild-

ford, on the 25th November, in his 76th year. He became a

Fellow of the Society in the year 1830, so that he had belonged to

it for 54 years. For three years he filled the of&ce of Foreign

Secretary ; he had been a Yice-President and an active Member of

the Council ; but he always refused to be nominated as President,

although several times urged to accept that honour. He was a

Wollaston Medallist and the author of sixteen papers in the

Society's publications. His writings were remarkable for their

clear and masterly character, and displayed that peculiar insight

into geological structure which almost amounts to foresight.

The following communications were read :

—

1. " Note on a Section near Llanberis." By Professor A. H.
Green, F.G.S.

2. " The Tertiary Basaltic Formation in Iceland." By J. Starkie

Gardner, Esq., F.L.S., F.G.S.

3. " On the Lower Eocene Plant-beds of the Basaltic Formation

of Ulster." By J. StarHe Gardner, Esq., F.L.S., F.G.S.

The following objects were exhibited :

—

Eock-specimens and Microscopic Sections, exhibited by Prof. A.

H. Green, F.G.S., in illustration of his paper.

Specimens, exhibited by J. S. Gardner, Esq., F.G.S., in illustra-

tion of his paper.

Specimens from Iceland, exhibited by Prof. J. W. Judd, F.E.S.,

Sec. G.S., in illustration of Mr. Gardner's paper.

A photograph of Palceophoneus nuncius, Torell and Lindstrom,

from the Upper Silurian of the Isle of Gotland, exhibited by Dr. H.
Woodward, F.E.S., F.G.S.

Clay Ironstone Slabs from the Forest-bed of Happisburgh, ex-

hibited by E. T. Newton, Esq., F.G.S.
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December 17, 1884.

W. CiRETJTHERS, Esq., P.E.S., Yiee-President, in the Chair.

David Llewellin Evans, Esq., The Gold Tops, Kewport, Mon-
mouthshire, was elected a Eellow of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. "On the South-western Extension of the Clifton Fault."

By Prof. 0. Lloyd Morgan, E.G.S., Assoc. E.S.M.

2. " On the Eecent Discovery of Pteraspidian Eish in the Fpper
Silurian Rocks of North America." By Prof. E. W. Claypole, B.A.,

B.Sc. (Lond.), E.G.S.

3. " On some "West-Indian Phosphate Deposits." By George
Hughes, Esq., E.C.S. (Communicated by W. T. Blanford, Esq.,

LL.D., E.E.S., Sec. G.S.)

4. "IsTotes on species of PTiyllopora and TTiamniscus from the

Lower Silurian Eocks, near Welshpool, Wales." By George Eobert
Vine, Esq. (Communicated by Prof. P. Martin Duncan, E.E.S.,

E.G.S.)

Specimens and photographs were exhibited by George Hughes,
Esq., E.C.S., in illustration of his paper.

January 14, 1885.

Prof. T. G. Bonnet, D.Sc, LL.D., E.E.S., President, in the Chair.

Ewan Cameron Galton, Esq., B.A., Shelsley Grange, Worcester

;

Henry Brougham Guppy, Esq., M.B. Edinb., E.N., Surgeon on
Board H.M.S. ' Lark,' 17 Wood Lane, Ealmouth ; Henry G. Hanks,
Esq., State Mineralogist, Califoruia State Mining Bureau, San
Erancisco ; and William Elliott Howe, Esq., Matlock Bath, Derby-
shire, were elected EeUows of the Society.

VOL. XLI. 6
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The List of Donations to the Library was read.

The following communications were read :

—

1. " The Metamorphism of Dolerite into Hornblende-schist."

By J. J. Harris Teall, Esq., M.A., F.a.S.

2. " Sketch of the Geology of 'New Zealand." By Captain F. W.
Hutton, F.Gr.S., Professor of Biology in the Canterbury College,

University of j^ew Zealand.

3. *' The Drift-deposits of Colwyn Bay." By T. Mellard Reade,
Esq., F.G.S.

The following objects were exhibited :

—

Life-sized photographs of the fruit of the recent Cycads, EncepTial-

artos latifrons and E. longifolius, from South Africa, exhibited by
Prof. W. T. Thiselton Dyer, F.P.S.

Objects shown with simple illumination, dark-ground illumina-

tion, and polarized light, by means of Dr. Wallich's new Condenser,

exhibited by Dr. G. C. Wallich.

Specimens and microscopic rock-sections, exhibited by J. J. H.
Teall, Esq., F.G.S., in illustration of his paper.

January 28, 1885.

Prof. T. G. BoT^NET, D.Sc, LL.D., F.R.S., President, in the Chair.

Frederick John CuUis, Esq., 28 CJaremont Road, Handsworth,
Birmingham ; Henry Dewes, Esq., 19 Duchess Road, Edgbastou,

Birmingham ; Henry Hutchins French, Esq., Grove Road, Sutton,

Surrey ; Jacob Hort Player, Esq., F.C.S., Calthorpe Road, Birming-

ham ; and the Honourable Donald A. Smith of Montreal were
elected Fellows, and Professor F. Fouque of Paris and Dr. Gustav

Lindstrom of Stockholm, Foreign Correspondents of the Society.

The List of Donations to the Library was read.

The Pkesident called attention to the great loss the Society had
sustained in the sudden and unexpected death of Dr. J. Gwyn
Jeffreys, F.R.S., &c., who had been for twenty-one years continuously

a Member of the Council, and for fourteen years of that time had
performed most valuable services to the Society as Treasurer.
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The following communications were read :

—

1. " The Boulder-Clays of Lincolnshire : their Greographical Eange
and Eelative Age." By A. J. Jukes-Browne, Esq., B.A., F.G.S.

2. " On the Geology of the Eio-Tinto Mines, with some general

remarks on the Pyritic Eegion of the Sierra Morena." By J. H.
Collins, Esq., E.G.S.

3. " On some new or imperfectly known Madreporaria from the

Great Oolite of the Counties of Oxford, Gloucester, and Somerset."

By E. E. Tomes, Esq., E.G.S.

Specimens of Elint implements were exhibited by John Evans,

Esq., LL.D., E.E.S., E.G.S.

Eebruary 11, 1885.

Prof. T. G. BoOTTEY, D.Sc, LL.D., E.E.S., President, in the Chair.

Arthur "William Clayden, Esq., M.A., I^orth Lodge, Bath College,

Bath; Samuel Eideal, Esq., B.Sc. (Lond.), E.C.S., Devon Lodge,

Mayow Eoad, Forest Fill, S.E. ; and H. W. Williams, Esq., Solva,

Pembrokeshire, were elected Eellows of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. "The Tertiary and Older Peridotites of Scotland." By Prof.

John W. Judd, E.E.S., Sec.G.S.

2. " Boulders wedged in the Ealls of the Cynfael, Ffestiniog,"

By T. Mellard Eeade, Esq., E.G.S.

[Abstract.]

This paper briefly described certain phenomena of stream-denu-

dation observed in the bed of the Cynfael, which has cut a deep

channel through the Lingula Flags, the course of the channel being

mainly dependent on the jointing of the rock. In one spot the

upper beds at the top of the gorge have slid upon the lower along

their dip, about 10° to north by east, so as to project over the

stream like a corbel ; and advantage has been taken of this to form
a bridge by means of a slab of rock laid from the projecting mass to

the top of the opposite bank. At another point several very large
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boulders are wedged fast in the channel, and suspended over the

stream, which flows about 6 feet beneath them. The boulders could

not possibly have been carried down the existing gorge, and they

did not, the author belieyed, fall from above. He suggested that

they might have been carried down by the aid of ice, probably in

the glacial period, when the stream ran in a wider channel at a

higher level, and that the stream had since deepened its bed at least

6 feet below them.

The following objects were exhibited :

—

Bock-specimens and Microscopic Sections, exhibited by Prof.

J. W. Judd, P.E-.S., in illustration of his paper.

Platinotype Photographs of Views in various parts of England,

illustrating the features of the different Geological Formations, ex-

hibited by E. H. Tiddeman, Esq., E.G.S.

I
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ANNUAL GENERAL MEETING,

February 20, 1885.

Prof. T. G. Bonnet, D.Sc, LL.D., P.E.S., President, in the Chair.

Eeport op the Council for 1884.

In presenting their Eeport for the year 1884, the Council of the

Geological Society regret to have to state that the improvement
which they thought might he recognized in the position of the

Society when they drew up their last Annual Eeport has not been
maintained. They can only once more express the hope that this

state of things is due chiefly, if not entirely, to the wide-spread
depression which still prevails, and that in the course of a year or

two a revival of the general prosperity of the country may place the

afl'airs of the Society once more upon a satisfactory footing.

The number of PePows elected during the year is only 48, of

whom 34 paid their fees before the end of the year, making, with 9

previously elected Fellows who paid their fees in 1884, a total

accession during the year of only 43 Pellows. Against even this

small number we have to set the loss by death of 32 Fellows, and
by resignation of 18 Fellows, while 8 Fellows were removed from

the list for non-payment of contributions, making a total loss of

58 Fellows. There is thus a decrease of 15 in the number of

Fellows. Of the 32 Fellows deceased 6 were compounders, and
7 non-contributing Fellows, and as 1 non-contributing Fellow
became Eesident, and another resigned, the number of contributing

Fellows is reduced by 6, being now 816.

The total number of Fellows and Foreign Members and Corre-

spondents was 1434 at the close of the year 1883, and 1420 at the

end of 1884.

At the end of the year 1883 there were 2 vacancies in the list of

Foreign Members; and during 1884 intelligence was received of

the decease of 2 Foreign Members. Four Foreign Members were
elected during the year to fill up these vacancies.

In the list of Foreign Correspondents there was 1 vacancy at the

close of 1883, and intelligence was received of the death of 2 more
during the year 1884. These losses, with the filling up of the

above-mentioned vacancies in the list of Foreign Members, pro-

VOL. XLI. c
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duced in all 7 vacancies in the list of Eoreign Correspondents, 5 of

which were filled up during the year. Thus at the close of the

year 1884, the list of Foreign Members was complete, and there

were 2 vacancies in that of the Foreign Correspondents of the

Society.

The total Eeceipts on account of Income for the year 1884 were
only .£2527 Is. Sd. being .£87 9s. 5d. less than the estimated

Income for the year. The total Expenditure, on the other hand,

amounted to .£2699 17s. 6d., or £109 13s. more than the estimated

Expenditure for the year. The excess of the Expenditure over the

Income of the year was therefore £172 15s. 10c?.

Out of the Balance in the Society's hands at the beginning of

1884, the Council have invested the sum of £100 in the purchase of

£99 Os. 2d. Consols.

The Council have to announce the completion of Yol. XL. and the

commencement of Yol. XLI. of the Society's Quarterly Journal.

The Council have also to announce that a valuable picture of the

Hot Springs of Gardiner's Eiver, Yellowstone Park, painted on the

spot by T. Moran, Esq., has been kindly presented to the Society by
that gentleman and A. G. Eenshaw, Esq., E.G.S.

The Council have awarded the WoUaston Medal to George Busk,

Esq., E.R.S., E.G.S., in recognition of the valuable services he has

rendered to Geological Science by his long-continued researches

among the Eecent and Fossil Polyzoa, and the Mammalia of the

Post-Tertiary deposits.

The Murchison Medal, with the sum of Ten Guineas from the

proceeds of the Fund, has been awarded to Dr. Ferdinand Eomer,
For. Memb. G.S., in testimony of appreciation of his researches in

Palaeontology and Stratigraphical Geology, especially among the

rocks of Palaeozoic age, in both the Old and the New World.

The Lyell Medal, with the sum of Forty Pounds from the proceeds

of the Fund, has been awarded to Professor H. G. Seeley, F.E.S.,

F.G.S., in recognition of his numerous and valuable contributions

to Yertebrate Palaeontology and General Geology, and to aid him in

the further prosecution of his researches.

The Bigsby Medal has been awarded to M. Alphonse Eenard,

For. Corr. G.S., in token of appreciation of the great value of his

petrographical researches among the older formations of Belgium,

and his studies of the nature and origin of Deep-sea Deposits.

The balance of the proceeds of the WoUaston Donation Fund has

been awarded to Dr. Charles CaUaway, F.G.S., in recognition of the

value of his investigations among the Archaean rocks, and to aid

him in the further prosecution of his researches.

The balance of the proceeds of the Murchison Geological Fund
has been awarded to Horace B. Woodward, Esq., F.G.S., in testimony

of appreciation of his critical study of the Geology of England and
Wales, and to aid him in completing his accurate digest of informa-

tion upon the subject.

The balance of the proceeds of the Lyell Geological Fund has been

awarded to A. J. Jukes-Browne, Esq., F.G.S., in recognition of the
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value of his investigations concerning the subdivisions of the Cre-

taceous Rocks of this country, and to aid him in their further

prosecution.

Report of the Library and Museum Committee.

Library^

Since the last Anniversary Meeting a great number of valuable

additions have been made to the Library, both by donation and by
purchase.

As Donations the Library has received about 219 volumes of

separately published works and Survey Reports, and about 300
Pamphlets and separate impressions of Memoirs, besides about 134
volumes and 148 detached parts of the publications of various

Societies, and 16 volumes of independent Periodicals presented

chiefly by their respective Editors, and also 16 volumes of News-
papers of various kinds. This will constitute a total addition to

the Society's Library, by donation, of about 420 volumes and 300
pamphlets.

A considerable number of Maps, Plans, and Charts have been

added to the Society's collections by presentations, chiefly from the

Ordnance Survey of Great Britain, and from the Prench Depot de

la Marine. These amount altogether to 832 sheets, but of them
788 sheets, large and small, are from the Ordnance Survey. Of the

remainder, 26 sheets are from the Depot de la Marine, 6 from the

Geological Survey of Saxony, 6 from that of Sweden, 5 from that of

Norway, and 1, a large Geological Map of Canada, from the Canadian

Geological Survey.

The Books and Maps above referred to have been received from

154 personal Donors, the Editors or Publishers of 15 Periodicals,

and 172 Societies, Surveys, and other Public Bodies, making in all

341 Donors.

By Purchase, on the recommendation of the Standing Library

Committee, the Library has received the addition of 32 volumes of

Books, and of 55 parts (making about 18 volumes) of various

Periodicals, besides 33 parts of certain works published serially.

Of the Geological Survey Map of Prance 9 sheets have been obtained

by purchase.

The cost of Books, Periodicals, and Maps purchased during the

year 1884 was ^83 14s. 3cZ., and of Binding £54 95. M., making a

total of £138 3s. lid.
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Museum.

The Collections in the Museum remain in much the same con-

dition as at the date of the last Eeport of the Committee.

During the year 1884 several interesting Donations were made to

the Museum, the chief among them being a series of fossil Chilo-

stomatous Brj^ozoa from Muddy Creek, Yictoria, Australia, illustrative

of Mr. A. W. Waters's papers in the ' Quarterly Journal,' presented

by J. Bracebridge Wilson, Esq., of Geelong. The others were :—

A

specimen of Trowlesworthite, presented by E. N. "Worth, Esq.,

E.Gr.S.; specimens of " Iron-amianthus," presented by the Eev. J,

Magens Mello, E.G.S. ; specimens illustrative of his paper on Por-

thaUa Cove, presented by J. H. Collins, Esq., F.G.S.; two slides of

Cretaceous Lichenoporidse, presented by G. E. Yine, Esq. ; and casts

of Footprints in the Lower ^ew Eed Sandstone of Penrith, presented

by G. Y. Smith, Esq., E.G.S.
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Comparative Statement of the !N'umber of the Society at the

close of the yeaes 1883 and 1884.

Dec. 31, 1883. Dec. 31, 1884.

Compounders 313 313

Contributing PeUows 822 816

ISTon-contributing Fellows . . 222 213

1357 1342

Foreign Members 38 40

Foreign Correspondents .... 39 38

1434 1420

Comparative Statement explanatory of the Alterations in tJie Number

of Fellows, Foreign Ifembers, and Foreign Correspondents at the

close of the years 1883 and 1884.

Number of Compounders, Contributing and J^on- 1 -, ocy
contributing Fellows, December 31, 1883 ....

J

Add Fellows elected during former year and paid \ q
in 1884 J

Add Fellows elected and paid in 1884 34

1400
Deduct Compounders deceased 6

Contributing FeUows deceased 19

Non-contributing Fellows deceased .... 7

Contributing Fellows resigned 17
JSTon-contributing Fellow resigned .... 1

Contributing Fellows removed 8
— 58

1342
I^umber of Foreign Members, and Foreign 1 ^^

Correspondents, December 31, 1883 . . . .
j

Deduct Foreign Members deceased . . ..... 2
Foreign Correspondents deceased . . 2
Foreign Correspondents elected 1 .

Foreign Members
J

Add Foreign Members elected , 4
Foreign Correspondents elected 5

— 78

1420
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Deceased Pellotvs.

Adams, G. P., Esq.

Bragge, W., Esq.

Lyon, W., Esq.

Cornpounders (6).

Milligan, J., Esq.

Osborne, Lient.-Col. W.
Wood, S. Y., Esq.

Resident and other

Beanland, Eev. A.

Browne, W. K., Esq.

Eorbes, J. E., Esq.

Godwin-Austen, E. A. C, Esq
Henty, G. M., Esq.

Herapath, S., Esq.

Hunter, W., Esq.

Hutt, Eev. T. G.

Iselin, J. E., Esq.

Jones, Sir W., Bart.

Contributing Fellows (19).

Murray, Alex., Esq.

Pease, T., Esq.

Eichardson, E., Esq.

Silver, Eev. E.

Tomlison, H., Esq.

Tylor, A., Esq.

Yennor, H. G., Esq.

Y^illiams, C. 0., Esq.

Y'illiams, J. J., Esq.

Won^contributing Fellows (7).

Buckman, J., Esq.

Colthurst, J., Esq.

Curley, T., Esq.

Jenner, E. E. L., Esq.

Lancaster, J., Esq.

Stokes, Eev. W. H.
Wright, Dr. T.

SeUa, n Com. Q.

Foreign Members (2).

I

Goppert, Prof. H. E.

Foreign Correspondents.

Hochstetter, Dr. E. von.
|
Jager, Dr. G. P.

Felloivs Resigned (18).

Cockburn, W., Esq.

Cooke, Maj.-General A. C.

Pox, C. J., Esq.

Gibson, Dr. G. A.
Greaves, Eev. E. W.
Hardwick, P. C, Esq.

Harris, W. H., Esq.

Ladell, H. E., Esq.

Marshall, J., Esq.

Morris, D., Esq.

IS^eate, P. J., Esq.

Preston, L., Esq.

Eogers, A., Esq.

Eoss, Lieut.-Col. W. A.

Sainter, J. D., Esq.

Stair, A., Esq.

Ward, J., Esq.

WiUis, J., Esq.



Bevan, G. P., Esq.

Byrom, W. A., Esq.

Coates, J., Esq.

Kemshead, Dr. W. B.
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Fellows Removed (8).

15

Mellor, T. R., Esq.

Parsons, Sergeant W.
Eandell, J. E., Esq.

Shaw, Dr. J.

The following Personages ivere elected from the List of Foreign Cor-

respondents to Jill the vacancies in the List of Foreign Members
duriyig the year 1884.

Professor Gr. Capellini of Bologna.
Professor A. L. O. Des Cloizeaux of Paris.

Professor G. MenegMni of Pisa.

Professor J. Szalbo of Pesth.

The following Personages were elected Foreign Correspondents during

the year 1884.

Dr. Charles Barrels of Lille.

M. Alphonse Briart of Morlanwelz.
Professor Hermann Credner of Leipzig.

Baron 0. von Ettingshausen of Gratz.

Dr. E. Mojsisovics von Mojsvar of Vienna.

After the Eeports had been read, it "was resolved :—

That they be received and entered on the Minutes of the Meeting,

and that such parts of them as the Council shall think fit be printed

and distributed among the Fellows.
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It was afterwards resolved :

—

That tlie thanks of the Society he given to Professor J. Prestwich

retiring from the office of Yice-President.

That the thanks of the Societj' he given to Colonel H. H. Godwin-
Austen, Professor T. M'^Kenny Hughes, Professor J. Prestwich, and
P. W. Eudler, Esq., retiring from the Council.

After the Balloting-glasses had been duly closed, and the Lists

examined by the Scrutineers, the following gentlemen were declared

to have been duly elected as the Officers and Council for the ensuing

year :

—
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OPPICERS.

PBESIJDENT.

Prof. T. G. Bonney, D.Sc, LL.D., P.E.S.

VICE-PBESIDENTS.

W. Carrutliers, Esq., E.E.S.

Joliii Evans, D.C.L., LL.D., E.E.S.

J. W. Hulke, Esq., E.R.S,

J. A. Phillips, Esq., E.E.S.

8ECBETABIES.

W. T. Blanford, LL.D., E.R.S.

Prof. J. W. Judd, E.E.S.

FOBEIGN SECBETABY.

Warington W. Smyth, Esq., M.A., E.E.S.

TBEA8UBEB.

Prof. T. Wntshire, M.A., E.L.S

COUIS^CIL.

H. Bauerman, Esq.

W. T. Blanford, LL.D., E.E.S.

Prof. T. G. Bonney, D.Sc, LL.D.,

E.E.S.

W. Carruthers, Esq., E.E.S.

Prof. W. Boyd Dawkins, M.A.,

E.E.S.

John Evans, D.C.L.,LL.D.,E.E.S.

A. Geikie, LL.D., E.E.S.

Henry Hicks, M.D.
Eev. Edwin Hill, M.A.
G. J. Hinde, Ph.D.

John Hopkinson, Esq.

W. H. Hudleston, Esq., M.A.,
E.E.S.

J. W. Hulke, Esq., E.E.S.

Prof. T. Eupert Jones, E.E.S.

Prof. J. W. Judd, E.E.S.

J. E. Marr, Esq., M.A.
J. A. Phillips, Esq., E.E.S.

W. W. Smyth, Esq., M.A., E.E.S.

J. J. H, Teall, Esq., M.A.
W. Topley, Esq.

Prof. T. Wiltshire, M.A., E.L.S.

Eev. H. H. Winwood, M.A.
H. Woodward, LL.D., E.E.S.
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LIST OF

THE FOEEIGN MEMBERS
OF THE GEOLOGICAL SOCIETY OF LONDON, in 1884.

Date of
Election.

1827. Dr. H. von Dechen^ Bonn.

1848. James HaU, Esq., Albany, State of New York.

1850. Professor Bemliard Studer, Berne.

1851. Professor James D. Dana, Neiu Haven, Connecticut.

1851. General G. yon Helmersen, St. Petersburg.

1853. Count Alexander von Keyserling, RayhiUlj Russia.

1853. Professor L. G. de Koninck, Liege.

1856. Professor Eobert Bmisen, For. Mem. R.S., Heidelberg.

1857. Professor H. E. Goppert, Breslau. (Deceased^)

1857. Professor H. B. Geinitz, Dresden.

1857.

1859.

1860. Dr. H. Milne-Edwards, For. Mem. E.S., Paris.

1864. M. Jules Desnoyers, Paris.

1866. Dr. Joseph Leidy, Philadelphia.

1867. Professor A. Daubree, For. Mem. R.S., Paris.

1871. Dr. Franz Ritter von Hauer, Vienna.

1874. Professor Alplionse Favre, Geneva.

1874. Professor E. Hebei-t, Paris.

1874. Professor Albert Gaudry, Paris.

1875. Professor Fridolin Sandberger, Wiirzburg.

1875. Professor Tbeodor Kjerulf, Christiania.

1875. Professor F. August Quenstedt, Tiibingen.

1876. Professor E. Beyricb, Bei'lin.

1877. Dr. Carl WilbeLn Giimbel, Munich.

1877. Dr. Eduard Suess, Vienna.

1879. Dr. F. V. Hayden, Washington.

1879. Major-General N. von Kokscbarow, St. Petersburg.

1879. M. Jules Marcou, Cambridge, U. S.

1879. Dr. J. J. S. Steenstrup, For. Mem. R.S., Copenhagen.

1880. Professor Gustave Dewalque, Liege.

1880. Baron Adolf Erik NordensMold, Stockholm.

1880. Professor Ferdinand Zirkel, Leipzig.

1881. H Commendatore Quintino Sella, Rome. {Deceased.)

1882. Professor Sven Loven, Stockholm.

1882. Professor Ludwig Riitimeyer, Basle.

1883. Professor J. S. Newberry, New York.

1883. Professor Otto Martin ToreU, Stockholm.

1884. Professor G. CapeUini, Bologna.

1884. Professor A. L, 0, Des Cloizeaux, For. Mem. R.S., Pai'is.

1884. Professor G. Menegbini, Pisa.

1884.
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LIST OF

THE FOREIGN CORRESPONDENTS

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1884.

Date of
Election.

1863. Dr. G. F. Jager, Stuttgart. (Deceased.)

1863. Count A. G. Marscliall, Vienna.

1863. Professor Giuseppe Ponzi, Rome.

1863. Dr. F. Senft, Eisenach.

1864. Dr. Charles Martins, Montpellier.

1866. Professor J. P. Lesley, Philadelphia.

1866. Professor Victor Raulin, Bordeaux.

1866. Baron Acliille de Zig-no, Padua.

1872. Herr Dionys Stur, Vie?ina.

1872. Professor J. D. Whitney, Cambridge, U. S.

1874. Professor Igino Cocchi, Florence.

1874. M. Gustave H. Cotteau, Auxerre.

1874. Professor G. Seguenza, Messina.

1874. Dr. T. C. Winkler, Haarlem.

1875. Professor Gustav Tschermak, Vienna.

1876. Professor Jules Gosselet, Lille. \

1877. Professor George J. Brush, New Haven. I

1877. Professor E. Renevier, Lausanne.
I

1877. Count Gaston de Saporta, Aix-en-Provence. I

1879. Professor Pierre J. van Beneden, For.Mem. U.S., Louvain. i

1879. M. lidouard Dupont, Brussels. t

1879. Professor Guglielmo Guiscardi, Naples.
j

1879. Professor Gerhard Vom Path, Bonn. j

1879. Dr. Emile Sauyage, Paris.
^

1880. Professor Luigi Bellardi, Twin.
^

1880. Dr. Ferdinand von Hochstetter, Vienna. (Deceased.) m

1880. Professor Leo Lesquereux, Columhus. -
|

1880. Dr. Melchior Neumayr, Vienna.

1880. M. Alphonse Renard, Brussels. I

1881. Professor E. D. Cope, Philadelphia. ]
1882. Professor Louis Lartet, Toulouse. '*;

1882. Professor Alphonse JMilne-Edwards^ Paris. I

1883. M. Franfois Leopold Cornet, Mons. I
1883. Baron Ferdinand von Richthofen, Leipzig. 1
1883. Professor Karl Alfred Zittel, Munich. -

1884, Dr. Charles Barrois, Lille. -^

1884. M. Alphonse Briart, Morlamvelz.

1884. Professor Hermann Credner, Leipzig.

1884. Baron C, von Ettingshausen, Oratz.

1884. Dr, E. Mojsisovics von Mojsvar, Vienna.
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AWAEDS OF THE WOLLASTON MEDAL

ESTABLISHED BY

WILLIAM HYDE WOLLASTON, M.D., F.KS., E.G.S., &c.

'^ To promote researclies concerning the mineral structure of the earth,

and to enable the Council of the Geological Society to reward those

individuals of any country by whom such researches may hereafter be

made/'—^^such individual not being a Member of the Council."

1831.

1835.

1836.

1837.

1838.

1839.

1840.

1841.

1842.

1843.

1844.

1845.

1846.

1847.

1848.

1849.

1850.

1851.

1852.

1853.

1854.

1855.

1856.

1857.

1858.

Mr. William Smith.

Dr. G-. A. ManteU.

M. Louis Agassiz.

I Capt. T. P. Cautley.

( Dr. H. Falconer.

Sir Richard Owen.
Professor 0. G. Ehrenberg.

Professor A. H. Dumont.

M. Adolphe T. Brongniart.

Baron L. von Buch.

I M. Elie de Beaumont.

( M. P. A. Dufrenoy.

Rev. W. D. Conybeare.

Professor John PhiUips.

Mr. William Lonsdale.

Dr. Ami Boue.

Rev. Dr. W. BucMand.
Professor Joseph Prestwich.

Mr. William Hopkins.

Rev. Prof. A. Sedgwick.

Dr. W. H. Fitton.

M. le Vicomte A. d'Archiac.

M. E. de Verneuil.

Sir Richard Griffith.

Sir H. T. De la Beche.

Sir W. E, Logan.

M. Joachim Barrande.

( Herr Hermann von Meyer.

1 Mr. James Hall.

1859. ]Mr. Charles Darwin.

1860. Mr. Searles V. Wood.
1861. Professor Dr. H. G. Bronn.

1862. Mr. R. A. C. Godwin-Austen.

1863. Professor Gustav Bischof.

1864. Sir R. L Murchison.

1865. Dr. Thomas Davidson.

1866. Sir Charles Lyell.

1867. Mr. G. Poulett Scrope.

1868. Professor Carl F. Naumann,
1869. Dr. H. C. Sorby.

1870. Professor G. P. Deshayes.

1871. Sir A. C. Ramsay.

1872. Professor J. D. Dana.

1873. Sir P. de M. Grey-Egerton.

1874. Professor Oswald Heer.

1875. Professor L. G. de Koninck.

1876. Professor T. H. Huxley.

1877. Mr. Robert Mallet.

1878. Dr. Thomas Wright.

1879. Professor Bernhard Studer.

1880. Professor Auguste Daubree.

1881. Professor P. Martin Duncan,

1882. Dr. Franz Ritter von Hauer.

1883. Mr. W. T. Blanford.

1884. Professor Albert Gaudry.

1885. Mr. George Busk.
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AWARDS
OF THE

BALANCE OF THE PROCEEDS OF THE WOLLASTON

"DONATION-FUND."

1831.

1833.

1834
1835.

1836.

1838.

1839.

1840.

1841.

1842.

1843.

1844.

1845.

1846.

1847.

1848.

1849.

1850.

1851.

1852.

1853.

1854.

1855.

1856.

1857.

1858.

1859.

Mr. William Smith.

Mr. William Lonsdale.

M. Louis Agassiz.

Dr. G. A. Mantell.

Professor G, P. Deshayes.

Sir Richard Owen.

Professor C. G. Ehrenberg.

Mr. J. De Carle Sowerby.

Professor Edward Forbes.

Professor John Morris.

Professor John Morris.

Mr. William Lonsdale.

Mr. Geddes Bain.

]Mr. William Lonsdale.

M. Alcide d'Orbigny.

j
Cape-of-Good-Hope Fossils.

I
M. Alcide d'Orbigny.

Mr. William Lonsdale.

Professor John Morris.

M. Joachim Barrande.

Professor John Morris.

Professor L. G. de Koninck.

Dr. S. P. Woodward.
Drs. G. and F. Sandberger.

Professor G. P. Deshayes.

Dr. S. P. Woodward.
Mr. James Hall.

Mr. Charles Peach.

I Professor T. Rupert Jones.
1^^^' IMr.W.K. Parker.

1861. Professor A. Daubree.

1862. Professor Oswald Heer.

1863. Professor Ferdinand Senft.

1864. Professor G. P. Deshayes.

1865. Mr. J. W. Salter.

1866. Dr. Hemy Woodward.

1867. Mr. W. H. BaUy.

1868. M. J. Bosquet.

1869. m. W. Carruthers.

1870. M. Marie Rouault.

1871. Mr. R. Etheridge.

1872. Dr. James Croll.

1873. Professor J. W. Judd.

1874. Dr. Henri Nyst.

1875. Mr. L. C. MiaU.

1876. Professor Giuseppe Seguenza.

1877. Mr. R. Etheridge, Jun.

1878. Professor W. J. SoUas.

1879. Mr. S. Allport.

1880. Mr. Thomas Davies.

1881. Dr. R. H. Traquair.

1882. Dr. G. J. Hinde.

1883. Mr. John Milne.

1884. Mr. E. Tulley Newton.

1885. Dr. C. Callaway.

AWARDS OF THE MURCHISON MEDAL
AND OF THE

PROCEEDS OF "THE MURCHISON GEOLOGICAL FUND,"

ESTABLISHED UNDER THE WILL OF THE LATE

SIR EODERICK IMPEY MURCHISON, Bart., F.E.S., F.G.S.

" To be applied in every consecutive year in such manner as the Council

of the Society may deem most useful in advancing geological science^

whether by granting sums of money to travellers in pursuit of know-

ledge, to authors of memoirs, or to persons actually employed in any

inquiries bearing upon the science of geology, or in rewarding any
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sucli travellers, authors, or other persons, and the Medal to he given

to some person to whom such Council shall grant any sum of money
or recompense in respect of geological science."

1873. Mr. William Davies. Medal.

1873. Professor Oswald Heer.

1874. Dr. J. J". Bigshy. Medal.

1874. Mr. Ahfred Bell.

1874. Professor Ralph Tate.

1875. Mr.W.J.Henwood. Medal
1875. Professor H. G. Seeley.

1876. Mi'.A.R.C.Selwyn. Medal.

1876. Dr. James CroU.

1877. Rev. W. B. Clarke. Medal.

1877. Professor .J. F. Blake.

1878. Dr. H. B. Geinitz. Medal.

1878. Professor C. Lapworth.

1879. Professor F. M'Coy. Medal.

1879. Mr. J. W. Kirkhy.

1880. Mr. R. Etheridge. Medal.

1881. Professor A. Geikie. Medal.

1881. Mr. F. Rutley.

1882. Professor J. Gosselet. Medal.

1882. Professor T. Rupert Jones.

1883. Professor H. R. Goppert.

Medal.

1883. Mr. John Yoimg.

1884. Dr. H. Woodward. Medal.

1884. Mr. Martin Simpson.

1885. Professor F. Romer. Medal.

1885. Mr. H. B. Woodward.

AWARDS OF THE LYELL MEDAL
AOT) OF THE

PROCEEDS OF THE "LYELL GEOLOGICAL FUND,

ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE

SIR CHAELES LYELL, Bart, F.R.S., F.G.S.

The Medal "to be given annually" (or from time to time) "as a mark of

honorary distinction as an expression on the part of the governing

hody of the Society that the Medallist has deserved well of the

Science,"—"not less than one third of the annual interest [of the

fimd] to accompany the Medal, the remaining interest to be given in

one or more portions at the discretion of the Council for the encou-

ragement of Geology or of any of the allied sciences by which they

shall consider Geology to have been most materially advanced."

1876. Professor John Morris.

Medal.

1877. Dr. James Hector. Medal.

1877. Mr. W. Pengelly.

1878. Mr. G. Busk. Medal.

1878. Dr. W. Waagen.

1879. Professor Edmond Hebert.

Medal.

1879. Professor H. A. Nicholson.

1879. Dr. Henry Woodward.

1880. Mr. John Evans. Medal.

1880. Professor F. Quenstedt.

1881. Sir J. W. Dawson. Medal.

1881. Dr. Anton Fritsch.

1881. I^Ir. G. R. Vine.

1882. Dr. J. Lycett. Medal.

1882. Rev. Norman Glass.

1882. Professor C. Lapworth.

1883. Dr. W. B. Cai-penter. Medal.

1883. Mr. P. H. Carpenter.

1883. M. E. Rigaux.

1884. Dr. Joseph Leidy. Medal.

1884. Professor Charles Lapworth.

1885. Professor H. G. Seeley.

Medal.

1885, Mr. A. J. Jukes-Browne.
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AWARDS OF THE BIGSBY MEDAL,

rOTTFTDED BY

Dr. J. J. BIGSBY, F.R.S., RG.S.

To be awarded biennially " as an acknowledgment of eminent services

in any department of Geology, irrespective of tbe receiver's country
;

but lie must not be older than 45 years at his last birthday, thus

probably not too old for further work, and not too yoimg to have done

much."

1877. Professor 0. C. Marsh.

1879. Professor E. D. Cope.

1881. Dr. C. Barrois.

1883. Dr. Henry Hicks.

1885. M. Alphonse Eenard.

AWARDS OF THE PROCEEDS OF THE BARLOW-
JAMESON FUND,

ESTABLISHED UNDER THE WILL OF THE LATE

Db. H. C. BARLOW, F.G.S.

'^ The perpetual interest to be applied every two or three years, as may
be approved by the Council, to or for the advancement of Geological

Science."

1880. Purchase of microscope.

1881. Purchase of microscope lamps.

1882. Baron C. von Ettingshausen.

1884. Dr. James Croll.

1884. Professor Leo Lesquereux.
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Estimates for

INCOME EXPECTED.

£ s. d. £ s. d.

Due for Subscriptions for Quarterly Journal . . 2

Due for Arrears of Annual Contributions 160

Due for Arrears of Admission-fees 81 16

243 16

Estimated Ordinary Income for 1885 :

—

Annual Contributions from Resident Fellows, and Non-

residents 1859 to 1861 1440

Admission-fees 252

Compositions 168

Annual Contributions in advance 21

Dividends on Consols and Reduced 3 per Cents 230

Advertisements in Quarterly Journal 5 10

Sale of Transactions, Library-catalogue, Orme-

rod's Index, Hocbstetter's New Zealand, and

List of FeUows 60
Sale of Quarterly Journal, including Longman's

account 200

Sale of Geological Map, including Stanford's

account 15

221

£2581 6

THOMAS WILTSHIEE, Teeas.

11 Feb. 1885.
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the Year 1885.

EXPENDITUEE ESTIMATED.

£ s. d. £ s. d.

House Expenditure

:

Taxes and Insurance 34 10

Gas 22

Fuel 30

Furniture and Repairs 20

House-repairs and Maintenance 15

Annual Cleaning 20

Washing and Sundries 32

Tea at Meetings 16

189 10

Salaries and Wages

:

Assistant Secretary 350

Clerk 160

Assistant in Library and Museum 130

HouseSteward 105

Housemaid 40

ErrandBoy 46 16

Charwoman and Occasional Assistance 30

Attendants at Meetings 8

Accountants 10 10

880 6

Official Expenditure

:

Stationery 25

Miscellaneous Printing 22

Postages and other Expenses 65

112

Library 150

Soiree (half cost) 34

Publications

:

Geological Map 20

Quarterly Journal 950

5, „ Commission, Postage,

and Addressing 100

•List of Pellows 34

Abstracts, including Postage 110

1214

Balance in favour of the Society 1 10

£2581 6

VOL. XLI,
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Income and Expenditure during the

EECEIPTS.
£ s. d. £ s. d.

Ealance in Bankers' hands, 1 January 1884. 346 1

Balance in Clerk's hands, 1 January 1884 . 16 3 5
362 3 6

Compositions 168

Arrears of Admission-fees 56 14

Admission-fees, 1884 214 4
270 18

Arrears of Annual Contributions 157 7 6

Annual Contributions for 1884, viz.

:

Eesident FeUows 1415 8
Non-Eesident Fellows... 18 18

• 1434 6

Annual Contributions in advance 35 14

Dividends on Consols 204 3 1

„ Eeduced 3 per Cents 30 8 10
234 11 11

Taylor & Francis : Advertisements in Journal, Yol. 39 . . 5 10 9

Publications :

Sale of Journal, Vols. 1-39 113 16
Vol. 40* 80 8 9

Sale of Library Catalogue 2 7
Sale of Geological Map 20 7 8
Sale of Ormerod's Index 1 15 1

Sale of Hocbstetter's New Zealand 12
Sale of Transactions 14
Sale of List of FeUows 3

*Due from Messrs. Longman, in addition to the

above, on Journal, Vol. 40, &c 66 9 9
Due from Stanford on account of Geological Map 3 11

69 10 10

220 13 6

.£2889 5 2

"We have compared this statement

with the Books and Accounts presented

to us, and find them to agree.

9 Feb. 1885.

(Signed) W. H. HTJDLESTO^, 1 ^^^ .,,^,
J. ARTHUE PHILLIPS, /

^^^^^«^^-
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Year ending 31 December, 1884.

EXPENDITURE.

House Expenditure: £ s. d. £ s. d.

Taxes 19 2 6
Fire-insurance 12

~ Gas 20 19 5
Fuel 28 17
Furniture and Repairs 11 2 9
House-repairs 12 11 4
Annual Cleaning 19 13 5
Washing and Sundries 31 15 1

Tea at Meetings , 16

172 1 6

Salaries and Wages

:

Assistant Secretary 350
Clerk 160
Assistant in Library and Museum 130
House Steward 105
Housemaid 40
Errand Boy 44 16
Charwoman 28 17 6
Attendants at Meetings 8
Accountants 10 10

877 3 6

Official Expenditure

:

Stationery 21 15 1

Miscellaneous Printing 21 13 3
Postages and other Expenses 75 8 9

118 17 1

Library
'

138 3 11

Publications

:

Geological Map 24 10 11

Journal, Vols. 1-39 12 13 1

Vol.40 1106 5 4

„ „ Commission,
Postage, and Addressing . 105 2

1211 7 4
List of Fellows 33 12 9
Abstracts, including Postage Ill 7 6

1393 11 6

Investment in £99 Os. 2d. Consols 100

Balance in Bankers' hands, 31 Dec. 1884 . . 73 4 9

Balance in Clerk's hands, 31 Dec. 1884 . . 16 2 11
89 7 8

£2889 5 2
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AWAKD OE THE WoLLASTON MeDAL.

In handing the "WoUaston Gold Medal to Dr. W. T. Blaneoed,

F.E.S., for transmission to Mr. Gteoege Busk, F.E.S., F.G.S., the

President addressed him as follows :

—

Dr. Blaio'oed,—
The Council of the Geological Society has awarded to Mr. George

Busk the WoUaston Medal in recognition of the value of his re-

searches in more than one branch of Palseontology. Polyzoa, not

only fossil but also recent, he has made peculiarly his own; and his

numerous separate papers, his British Museum Catalogue, and his

memoir on the Polyzoa of the Crag, have entitled him to the lasting

gratitude of workers at this class of the MoUuscoida. But, perhaps

as a relief to the study of these minute invertebrates, he has occu-

pied himself, not less successfully, with the larger vertebrata, so

that to him we are indebted for much information on the fauna of

Post-tertiary deposits, especially from the caves of Malta and of

Brixham. Permit me, in handing you this Medal for transmission

to Mr. Busk, to express my pleasure at having such a duty to dis-

charge, and my earnest hope, in which I am sure all present will

share, that restored health may enable him to continue his work in

the cause of our science.

Dr. Blaneoeb, in reply, expressed his gratification at being selected

as the medium for transmitting the WoUaston Medal to Mr. Busk,

whose compulsory absence he nevertheless greatly regretted, and
from whom he read the foUowing letter :

—

." 32 Harlev Street, W.
"Feb. 19, 1885.

"Dear Mr. Peesldent,—
"As, much to my regret and disappointment, I find myself

unable to attend the Annual Meeting, I must trespass upon
your kindness to express my warmest thanks and best acknow-
ledgments for the honour you and the Council have conferred upon
me in the award of the oldest of the Society's Medals, and whose
recipients form such a long and distinguished roU, to which any one

may indeed be proud to see his name added.
" The honour, also, in my eyes, is doubly gratifying as being the

second testimonial of the same kind, and showing the favourable

estimation in which my few labours have been held by the Geo-
logical Society of London, whose continued prosperity and useful-

ness wiU always be an object of my warmest wishes.
" BeUeve me.

Tours very sincerely,

Geo. Busk."

Prof. T. G. Bonney, FM.S,
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1

Award of the "Wollaston Donation Yjjwd.

The President then presented the Balance of the Proceeds of the

Wollaston Donation Fund to Dr. Charles Callaway, F.G.S., and
addressed him as follows :

—

Dr. Charles Callaway,—
The Council of the Geological Society has awarded to you the

balance of the proceeds of the Wollaston Donation Pund, in re-

cognition of the value of your researches among the older British

rocks. By your identification of Upper Cambrian rocks in Shrox)-

shire you have placed beyond question the antiquity of the Ehyo-
litic group of the Wrekin, our knowledge of which and of yet older

rocks in that district you have greatly augmented. Your contribu-

tions also to the geology of Anglesey and towards unravelling the

stratigraphy of the Scotch Highlands have been of great value, and
we look forward to the results of further researches, in aid of which
I have great pleasure in placing in your hands the amount of the

award. That j'ou receive it from a fellow-labourer will, I hope,

make it not the less welcome.

Dr. Callaway, in reply, said :

—

Mr. President,—
I highly value the honour which the Council has seen fit to confer

upon me, and I shall not readily forget the kind words with which
you have accompanied the award. "We are told that the reward of

virtue is not bread ; but bread is a sustainer of virtue : and in like

manner, though geology is its own reward, the geologist is conscious

of discouragement if the appreciation of his fellow-workers is with-

held. I therefore regard this award as an effective stimulus to

future exertion. It is a great pleasure to me to receive it at the

hands of one who has so often been a kindly helper in working out

difflcult problems in lithology.

Award op the Mitrchison Medal.

The President then handed the Murchison Medal to Dr. Henry
Woodward, P.B-.S., for transmission to Dr. Ferdinand Romer,
F.M.G.S., of Breslau, and addressed him as follows :

—

Dr. Woodward,—
The Council has awarded to Dr. Ferdinand Romer the Murchison

Medal and a sum of Ten Guineas from the Donation Fund. His
life-long and unwearied labours in the service of our science have

long since made his name familiar to his fellow-workers. When I

state that the Royal Society Catalogue, published now more than
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eleven years since, records the titles of 122 separate memoirs written

by him, when I mention his other important works, such as that on

the Chalk Pormation of Texas, on the Silurian Pauna o£ Tennessee,

on the Geology of Upper Silesia, and the ' Lethsea Gleognostica,' I have

said enough to prove that this memorial of an illustrious geologist

could not well have been bestowed on a more illustrious recipient.

In transmitting it to Dr. Eomer, be so kind as to express our regret

that distance and the season of the year have deprived us of the

pleasure of his presence on this occasion.

Dr. WoonwAED expressed his pleasure at being deputed to receive

this Medal for Dr. FEEDn^Aira Komee, from whom he had received

the following letter :^

" Mr. Peesldent,—
" I am deeply sensible of the honour which you and the Council

of the Geological Society have conferred upon me in presenting me
with the Murchison Medal.

" I very much regret my inability to be present in order to receive

this valuable mark of appreciation from your hands, and to express

personally to you my sincere thanks for this high mark of recog-

nition which the Society has bestowed on me.
" It is particularly gratifying to me that it is the Murchison Medal

which you have been pleased to confer upon me, because the greater

part of my scientific work has been directed to the study of those

ancient rocks, the natural order of which was first recognized by the

comprehensive genius of its founder. Sir Roderick Murchison.
" Peed. Eomee."

AWAED OF the MtJKCHISOK GEOLOGICAL 'FjHSTi.

In presenting the balance of the proceeds of the Murchison
Geological Pund to Mr. Hoeace B.Woodwaed, P.G.S., the Peesidekt
addressed him as follows :

—

Mr. Hoeace B. Woodwaed,—
The balance of the proceeds of the Murchison Donation Pund has

been awarded to you in recognition of the good service which you
have already rendered to geology, especially by your work among
the later deposits of the eastern counties, and to aid you in further

researches. But the excellent papers which you have written, in

addition to the work done by you as a member of the Geological

Survey, do not constitute your only claim to our recognition. Tou
have made use of the opportunity of your official position to promote
a love of science among those who live in our eastern counties, and
we are indebted to you for that admirable volume the ' Geology of

England and Wales,' which, though in one sense a compilation, is

such a one as only a skilled geologist could produce.
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Mr. Woodward, in reply, said :

—

Mr. Peesident,—
I am highly honoured by this award of the Council which you

have now placed in my hands. A little more than twenty-one years

ago I commenced geological life in the service of this Society, as

Assistant in the Library and Museum at Somerset House ; and I

feel much indebted to that period for acquaintance with many
geologists, who, for the sake of my father, extended the hand of

friendship to me ; and I am likewise indebted to the duties I had
then to perform for a knowledge (and I may say a love) of books,

which perhaps influenced the production of that volume about which
you have spoken so kindly.

While labour is in most cases its own reward, it is a great satis-

faction and a great encouragement to be told that one's work is

useful by those who are best qualified to judge.

AWAED OF THE LtELL MeDAL.

The Peesident next presented the Lyell Medal to Professor H. G.

Seeley, P.R.S., F.G.S., and addressed him as follows :

—

Professor Seeley,—
The Council has awarded to you the Lyell Medal and a grant of

,£40 in recognition of your investigations into the anatomy and

classification of the Fossil Eeptilia, especially the Dinosauria. Not

that you have limited yourself to this field of research ; your

papers on Emys and PsejjhopJiorus, on Megalornis and British Possil

Cretaceous Birds, on Zeuglodon, and on remains of Mammalia from

Stonesfield, prove your extensive knowledge of vertebrate palaeon-

tology, as your proficiency in invertebrate is evidenced by your

earlier work, both stratigraphical and directly palseontological.

Furthermore, your excellent edition of the first volume of Phillips's

'Manual of Geology' indicates an exceptional familiarity with the

literature of our science. Since our acquaintance first began, some

twenty years since, at Cambridge, we have both had our disappoint-

ments and our successes
;
you, undiscouraged by the one, undated

by the other, have pushed on to your present high position in

science, making no enemies, winning many friends. I trust that

your future career may be even more prosperous than your past,

and that this Medal may be an augury of many good gifts of fortune.

You will, I know, believe me when I say that I feel an exceptional

pleasure in being commissioned to place in your hands this Medal,

commemorative of the great geologist whose philosophic spirit you

so well appreciate, and whose memory, I know, you so greatly

revere.
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Professor Seelet, in reply, said :

—

Mr. President,—
'No -words of mine could adequately reflect my sense of the kind

words and kind feelings to which you have given expression. I
must, however, say that the honour of this award is one for which
I am sincerely grateful. It is needless now to say anything in

admiration of LyeU, but I may give utterance to a sense of personal
obligation by saying that he has always seemed to me the greatest

teacher of our science. In receiving the Medal, however, which is

associated with his name, I cannot but be conscious how far short
what I have done has fallen of my eflPorts and aspirations, and that
more work than I can hope to do should have been before you in

justification. With regard to the new edition of Phillips's Geology,
I would say that that work, founded on the necessities of my own
teaching, was undertaken to do honour to the memory of my old

friend, Professor John Phillips ; but it would have been more imper-
fectly done without the important help which I found in your own
writings. I shall find in this award a stimulus to future work,
which I hope may give results more worthy of recognition than the
work to which you have referred.

Award of the Ltell Geological Etjnd.

The President then handed the Balance of the proceeds of the

Lyell Geological Pund to Mr. J. J. H. Teall, P.G.S., for transmission

to Mr. A. J. Jt7E3;s-Browne, F.G.S., and addressed him as follows :

—

Mr. Teall,—
The balance of the Lyell Donation Pund has been awarded to

Mr. A. J. Jukes-Browne in recognition of the excellent work that he
has done on the Cretaceous formation and on Glacial geology, and
to aid him in further researches. His papers on the Cambridge
Greensand cleared up many difficulties connected with that in-

teresting formation ; and in his Sedgwick prize essay on the Post-

tertiary deposits of Cambridgeshire he commenced those investi-

gations which have since brought us more than one valuable

contribution on glacial and later deposits. You can tell him that

his old college tutor feels a little pardonable pride and much real

pleasure in being the instrument of placing this award in your

hands for transmission to him.

Mr. Teall, in reply, expressed his regret that Mr. Jitkes-Browne

was prevented by domestic anxieties from being present, and read

an extract from a letter received from him. In this Mr. Jtjkes-

Browne said :

—
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" That my labours in the field of geology should have been thought

worthy of such recognition is most gratifying and encouragitig, and
I am especially pleased that the award should come from the Lyell

Donation Fund ; for among all the departed masters of our science

there is no one for whom I feel greater respect than for Sir Charles

Lyell, or whose mental attitude I more desire to imitate. To be

entered therefore on the roll of those who are deemed worthy of

receiving the award instituted by Sir Charles Lyell will always be a

source of extreme pleasure.
'^ I need hardly assure the Council and Fellows of the Society

that such strength and powers as I possess will be spent in the

service of geological science, because that must be so as long as I am
connected with the Geological Survey ; but this mark of their appro-

bation will stimulate me in the performance of such extra-official

work as I am able to accomplish, and I only wish that my health

would allow me to do more."

AWAED OF THE BiGSBY GoLD MeBAI,.

In presenting the Bigsby Gold Medal to Professor Eenaed, of

Brussels, the President addressed him as follows :

—

Professor Eenaed,—
When to a familiarity with geology in the field and a love of

nature are united the skill of a finished chemist and the experience

of a practised worker with the microscope, the results cannot fail to

be of the utmost importance to our science. These qualifications,

rarely united in any one man, are in yourself combined with an
untiring industry and a love of science for its own sake. Thus we
are indebted to you for many important contributions to our know-
ledge in geology. Tour early memoir " Surles Eoches Plutoniennes

de la Belgique et de I'Ardenne Francaise," written in conjunction

with M. de la Yallee Poussin, will long be classic ; your papers on
various subjects connected with the Carboniferous Limestone, on the

coticule, the i^hyllites, and other altered rocks of Belgium, and on
the deep-sea deposits are too well known to need more than men-
tion, and in recognition of these the Council has awarded you the

Bigsby Medal.

In placing it in your hands may I be allowed to express for

myself and others the hope that it will be always a pleasant souvenir

of your many friends on this side of the Channel, some of whom,
myself included, will not soon forget the pleasant and, to us, most
profitable days spent under your guidance in geological studies by
the limestone cliff's of the winding Mouse and the wooded crags of

the Ardennes.
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Professor Eenaed, in reply, said :

—

Mr. Preside]!^! and Gtentlemen-,—
In rising to express my thanks to you, I labour under a great

disadvantage; it would have greatly conduced to my comfort to

speak in my own language, but the magnitude of the honour you
have conferred upon me makes me feel that I must at all events

attempt to address you in your tongue.

To hold the Medal which you have awarded to me is no common
distinction. I cannot but feel that you are rating my merits more
highly than they deserve. Though not an Englishman, I never feel

myself a stranger in your country. I have visited it so often, and
had so much friendly intercourse with your scientific men, that I

am not altogether without misgiving that your Council, may, uncon-

sciously to themselves, have supplemented my deficiencies as a

geologist by their personal friendliness towards myself. The par-

ticular line of study to which I have devoted myself is essentially

English. Tour countryman, Sorby, was the pioneer of microscopic

lithology, and I have only followed the track which he was the first

to open up.

In conclusion, allow me to say that though sensible of my own
deficiencies, I am confident that your good opinion will stimulate

me to fresh exertions. I shall pursue my scientific work with

renewed energy, and it will be my constant endeavour to show you
that your confidence was not altogether misplaced, and make myself

in the future worthy of the great honour you have conferred upon

me.
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THE ANjSFIVERSAEY ADDEESS OE THE PRESIDEiS'T.

Pkof. T. G. Box^tey, D.Sc, LL.D., F.R.S.

Gentlemen,

In referring last year to the muster-roll of death, j'our Presi-

dent remarked that it contained the name of onh' one Fellow who
had been a contributor to our publications. Unhappily I am unable

to repeat the remark. Earnest workers and valued friends during
my year of office have been falling " thick as autumn leaves in

Yalombrosa." It is now my melancholy duty to pay to these the

last tribute of respect, and dwell for a brief space on their memory.

In Eobert Alfeed Clothe Godwin-Afsien we have lost not only a

geologist of extensive knowledge and of an exceptionally philosophic

mind, but also one of the links which united us with what we may
almost call the " heroic age " of British Geology. He was born at

Shalford House, near Guildford, on March 17, 1808, being the eldest

son of the late Sir H. E. Austen. Educated first at Midhurst School,

he afterwards spent some time at a military college in France,

Thence he proceeded to Oxford, where he graduated and was elected

a Fellow of Oriel College. Coming thus under the influence of Buck-
land, he was secured for geology, and was elected a FeUow of this

Society in the year 1830. Three years afterwards he married the

only daughter and heiress of the late General Sir H. T. G-odwin,

K.C.B., and on the death of that officer in 1854, prefixed the name
of Godwin to that of Austen. Devonshire was the scene of his

earlier geological labours ; for not long after his election to this So-

ciety he fixed his residence at Ogwell House, near J^ewton Abbot.

His first contribution to our publications was made in 1834, and for

the next six years Devonshire formed the chief subject of his writings.

The first paper relating to the south-east of England appears in the
' Proceedings ' for 1853, and after his removal from Devonshire to

Chilworth Manor, near Guildford, the Cretaceous and Tertiary

deposits, together with physical questions relating to the geology of

the Channel and its vicinity received a large share of his attention,

although Devonshire was not forgotten.

Mr. Godwin-Austen was elected a Fellow of the Eoyal Society in

1849. He receivedvarious distinctions from Foreign Societies; and the

Wollaston Medal was awarded to him in 1862. Mr. Godwin-Austen
was also an energetic Member of the British Association, and twice,

at Norwich and at Brighton, presided over the Geological Section,

For the greater part of his life his connexion with the Geological

Society was of the closest kind ; a large number of his papers were
contributed to our publications ; he served as one of the Secretaries ;

subsequently he was in office as Foreign Secretary and as a Vice-

President ; and it is well known that, had he been willing, the

VOL. XLI. . /
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Society would have gladly elected him President. He fin ally quitted

the Council in 1876, about which time his health became much
impaired, and he was afterwards unable to take any active part in

our meetings or in our work. After a lingering illness, he expired

on the 25th Xovember last, to the regret of all who enjoyed the
privilege of his friendship. The name, however, of Godvrin-Austen
will, fortunately, not disappear from our lists, for the x^ersonal influ-

ence and the scientific ability of the father have been transmitted

to his son, our friend Colonel Godwin-Austen.
Of the contributions to science of the late Mr. Godwin-Austen it

is impossible, within the brief space allotted^ to these notices, to give

any adequate idea. A list of 39 papers is appended to a biography
by Mr. H. B. AVoodward (to which I am much indebted), published

in the ' Geological Magazine ' for January last. In addition to these,

he edited the Memoir on the Pluvio-marine Tertiaries of the Isle of

"Wight, left in manuscript by its lamented author, the late Professor

E. Porbes, and completed the ' Xatural History of the European
Seas,' commenced by the same author. The whole book, after p. 126,

is the work of Mr. Godwin-Austen. He also made important con-

tributions to the new edition of the ' Greenough Geological Map,'

published in 1865.

His papers on the classification and correlation of the rocks of

Devonshire wiU ever be classic in the history of that most difficult

region. Mr. Godwin-Austen, as is well known, objected to the

distinction of the fossiliferous rocks beneath the Culm-measures by
the title of Devonian, and to the equivalence assumed between these

and the Old Eed Sandstone further north, considering the latter to

be more nearly connected with the base of the Carboniferous series,

and the former as the representative in time of the Up]3er Silurian,

the differences of the fauna being regarded as due to the two being

deposited in different and separated marine areas. Although the

general tendency of subsequent research has been unfavourable to

the view upheld by Mr. Godwin-Austen, stiU it is one which can-

not whoUy be neglected, and modifications in the direction of it seem

likely to be made in the generally received theory. But on whatever

question Mr. Godwin-Austen wrote, whether on nodules in the

Earingdon Sands or on boulders in the Chalk, whether on superficial

or subterranean geology, whether on the physical features of the

present or of past geological epochs, he not only adorned it by a

clear expository style and a lucid ordering of facts, but by his philo-

sophic treatment, as it were, raised the subject to a higher plane of

thought. Preeminently '
' the physical geographer of bygone periods,"

as he was most happily termed by Murchison, we may apply to him

the well-worn but, in his case, most true phrase, nihil tetigit quod non

ornavit. One paper only from his pen I wiU, in conclusion, espe-

cially mention, because, to my mind, it is most typical of all his

work, namely, that " On the Possible Extension of the Coal-measures

beneath the South-eastern parts of England.'' To myself, when first

I read it years ago, it was like a revelation ; it showed what strati-

graphy might become when it was viewed in a comprehensive spirit,
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and its facts were handled by a master in science : it proved the

possibility of deciphering the physical history of the earth, even as

its life-history was being reconstructed by the inductive labours

of the palaeontologist ; so that vrc might hope to behold with our

mental vision not only the strange forms which in long-past days had

tenanted its waters and had moved upon its lands, but also the

shores and the currents of its seas, the ridges and perhaps the moun-
tains of its continents.

Thomas "Wright was born at Paisley, in Eenfrewshire, on Novem-
ber 9, 1809, and educated at the Grammar School in that town.

After completing his articles with a surgeon, he enteredas a student in

the Royal College of Surgeons at Dublin, and was soon distinguished

for his proficiency in anatomical and physiological studies ; these,

however, were interrupted by the injurious effect of a dissecting wound.
This obliged him to decline an appointment which offered a prospect

of a scientific career. After his restoration to health, he passed the

College of Surgeons in the year 1832 and shortly afterwards entered

upon the duties of his profession at Cheltenham, graduating as Doctor

of Medicine at St. Andrews in 1864. His life was spent in active

work, professional and scientific, in this pleasant Gloucestershire

watering-place, where he held various appointments, among them
that of Surgeon to the General Hospital. But the duties of his pro-

fession were not incompatible with an energetic pursuit of science.

At first he devoted much time to microscopic work, but as this

threatened to injure his eyesight, he turned his attention to palaeon-

tology. For this study the neighbourhood of his home then offered

exceptional facilities, the numerous shallow excavations, many of

comparatively ancient date, affording opportunities to the collector

which can never again occur. Dr. Wright thus amassed a magnifi-

cent collection of Jurassic Echinoaermata and Cephalopoda, which, I

regret to learn, has not found a resting-place in his own country.

He published several papers on the former Order in the ' Proceedings

of the Cotteswold Pield-Club' and the ^Annals and ITagazine of

Natural History/ which attracted the attention of Professor Edward
Eorbes. Before long it was arranged that, while the latter under-

took to describe for the Palaeontographical Society the British Creta-

ceous and Tertiary Echinodermata, Dr. W^right should do the same
with the Jurassic. But the premature death of Eorbes before he

had commenced upon the Cretaceous Echinodermata, caused the

Council of the Palaeontographical Society to request Dr. Wright to

undertake an additional labour and carry into effect the purpose thus

left incomplete. The description of the Jurassic and Cretaceous

Echinodermata occupied him for the greater part of his life, portions

of the work appearing from the year 1855 to 1882 ; but in 1878 he

commenced a description of the Lias Ammonitidae, which was barely

completed at the time of his death.

Dr. Wright was the author of about thirty-two separate papers on

geological subjects, of which seven were contributed to our Journal;

but the volumes above mentioned are the great work of his life and

/2
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an enduring monument of his extensive knowledge and energetic

industry. He was zealous in promoting, by lectures and every
personal effort, tlie advancement of science in his own neighbour-

hood. He was elected a Pellow of the Eoyal Society of Edinburgh
in 1855, of this Society in 1859, and of the Soyal Society of London
in 1879, and he received acknowledgments from several foreign

scientific societies. The Wollaston Medal was awarded to him in

1878.

His health began to fail nearly a year ago, and, after a lingering

illness, he expired on J^ovember 17th last. But even suffering

could not quench his enthusiasm for science. One evening, some
months since, when death seemed to be very near, he roused himself
and set to work on the revision of a proof-sheet, deteimined that,

so far as lay in his power, he would not leave his task unfinished :

and the last letter which he ever wrote was on the occasion of pre-

senting to the Society a lock of Dr. William Smith's hair.

He was not rarely present at various scientific gatherings, where
his stalwart form, cast in northern mould, distinguished' him from
the crowd- while his hearty tones and his genial manners made him
ever a welcome guest. Those who have had the privilege of his

friendship valued him not only for his great special knowledge,
but also for his wide general culture and his sincere earnestness of

character.

Seaeles Yaleis^tust; "Wood was born on February 4, 1830. Son
of a geologist, Searles Y, Wood, Senior, our former Fellow, so well
known, to mention but one thing, for his great work on the Plio-

cene Mollusca, his attention was early directed to this science, and
a community of interest, doubtless, formed one of the ties which
bound father and son with a more than common affection. On the
death of the former, his son undertook the duty of Treasurer to the
Palseontographical Society, with which the two names will ever be
inseparably connected. Mr, Searles Yalentine Wood was brought
up to the law, and practised for some years as a solicitor at Wood-
bridge, in Suffolk, but ultimately gave up his profession in order that

he might devote himself wholly to scientific work. Tertiary and
Post-tertiary geology was the chief subject of his study ; and in 1864
he undertook, in company with Mr. Harmer, a careful examination
of the Pliocene and later deposits of the east of England. These were
all laid down with conscientious minuteness on the Ordnance Survey
Map, Mr. Searles Wood taking as his share Essex and nearly the
whole of Suffolk. The result of this work, so far as relates to the
Newer Pliocene deposits (as they were termed by Mr. Wood), has
been communicated to this Society in two elaborate memoirs, pub-
lished in the volumes for 1880 and 1882, But numerous minor
papers, in addition to these, were the result of Mr. Wood's untiring

industry. Of course, in questions so difficult as are almost all those

relating to the so-called Glacial Period, it is not to be expected that

every conclusion of Mr. Wood's will find acceptance with his feUow
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workers ; but all must admire and gratefully recognize his patience

and industry in the collection of facts.

For some years before his death his health was grievously im-

paired, but neither infirmity nor debility, nor even pain, could turn

him from his beloved studies. His last contribution to our Journal,

read at the opening meeting of the present session, was on the

remarkable fossiliferous Tertiary deposit, not long since discovered,

at St. Erth, near Penzance. A portion of that paper is printed in

the current number of our Journal; but Mr. Searles Wood, in

deference to the advice of friends, withdrew the list of species which
he had given, in order that he might again present it with full

descriptions of the more novel or more important forms. It will be

remembered that, in the interesting discussion which followed, Dr.

Gwyn Jeffreys spoke at some length against the view favoured by
Mr. Wood as to the general equivalence of the deposit with some
part of the K-ed Crag. We little thought then that in so brief a

space both these accurate observers would have ceased from their

labours. In concluding this too brief notice of a most earnest

worker and most amiable man, I shall venture to quote a few sen-

tences from a letter to Professor Judd, written by Mr. Searles W^ood
only a few days * before his death, because it seems to me to give

unconsciously a far better portrait of the man than I could hope to

draw.
Speaking of a recent severe attack from which he had in part

recovered, but which was complicated by an ailment in one foot,

he adds :
—" This compels me to maintain a recumbent posture all

day as well as night, but it has not prevented my renewing my close

examination of the St.-Erth clay for several hours a day. This clay,

however, is so sterile that I often work for days without finding a

perfect shell or a fragment worth anything for determination ; and

I fancy that no one who had not perforce the leisure that I have,

and a rather exceptional perseverance, would work at it as I am
doing, and as I hope for many months yet to do." It was not so

written : eight days later he passed away.

John Gwyn Jeffreys was born at Swansea on January 18,

1809, and early displayed a talent for natural history. At the age

of nineteen he contributed to the Linnean Society a paper on the

Pneumonobranchous MoUusca ; and the study of this class formed at

first the relaxation and afterwards the work of his life. He was

elected a member of the Linnean Society in 1829, and of the Eoyal

in 1840, not joining our Society until the year 1861. He was also

an active member of the British Association, in which he held

various offices, and in 1877 that of President of the Biological

Section. At the last meeting, at Montreal, he contributed a valuable

communication on the Mollusca of the two sides of the :^rorth

Atlantic, which is being printed in extenso in the volume for 1884.

From the University of St. Andrews he received the honorary degree

* Dated December 6, 1884.
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of LL.D. He was educated as a solicitor, and for many years

practised with mncli success at Swansea ; but in 1856 he was
called to the bar, and soon afterwards retired from business. He
then settled at Ware Priory, in Hertfordshire, at which pictu-

resque old mansion he resided till about four years since : thence,

shortly before the death of his wife, he removed to London, and
took a house at Kensington, where he died in consequence of an
apoplectic seizure on January 24, after only a few hours' illness. On
the previous evening he had been present at a lecture given by his

son-in-law, Professor ^Moseley, at the Eoyal Institution ; and he was
among us at the Council-table, at the Geological Club, and at the

Evening ^Meeting on the last occasion prior to his death. Indeed

his mental powers showed no signs of failure, and a slight increa-

sing difficulty of hearing was almost the only indication that he

had numbered full 76 years.

The study of the recent !Mollusca was the chief scientific work of

Dr. Gwyn leffreys's life. He was one of the first to perceive the

importance of dredging in the British seas ; and after many years'

experience in private enterprise, took charge, in 1869 and 1870, of

the scientific work on board the ' Porcupine ' during two of her

cruises. Hence Dr. Gwyn Jeffteys's best scientific memorial will

be his writings on the MoUusca, chief of which are his large and
important work on British Conchology, and the papers, unfortunately

left unfinished at his death, on the " IMollusca of the ' Lightning

'

and ' Porcupine ' Expeditions," published in the ' Proceedings ' of the

Zoological Society ; but his exact knowledge of recent forms gave

his opinion an exceptional value on the fossils of the later Tertiary

deposits, and on these subjects he has communicated papers, more
valuable than numerous, to our Journal. But his other services to

our Society must not be forgotten. For sixteen years he was its

Treasurer, a position for which he was peculiarly adapted by his

legal knowledge and habits of business, and the duties of which he

fulfilled with great assiduity and invariable courtesy. He resigned

that office four years ago, but at the time of his sudden death was
still a member of the Council, having served on it continuously for

twenty-one years. We shall for long miss his critical acumen and

extensive knowledge, especially in any question relating to the later

life-history of the earth ; but we shall even more deeply regret the

cheerj-, kindly friend, and the trusty adviser, who for so many years

has been a familiar figure at these and many other scientific

gatherings.

Alfred Tyloe was born on January 26, 1824. His parents were

members of the Society of Eriends, and he was educated in schools

connected with that body at Epping and Tottenham. At the age of

fifteen, however, he entered the manufactory of brass and copper

work belonging to his family inWarwick Lane^ This early diversion

from school to practical work was for llr. Tylor the beginning rather

than the end of his education. While singularly successful as a

practical man of business, not only in the above factory, but also in
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the colliery owned by his family at Tylorstown, in the lihondda

Yalley, he found time to study anatomy for a period at St. Bartho-

lomew's Hospital, and afterwards to become an accomplished geolo-

gist. But even this was not all : he was an earnest advocate for

technical education, and devoted no small portion of his time to

various duties outside his own business. He is the author of not a

few papers, published in our Journal and elsewhere ; and it may be

mentioned that he was one of the first to doubt the authenticity of

the celebrated Moulin-Quignon jaw. His most important and ela-

borate papers are devoted to questions connected with the action of

rain, rivers, and ice ; and he may be regarded as the author of the

name " the Pluvial Period." Whatever opinions may be held as to

the advantage of giving a special designation to the transitional

interval between the Glacial epoch and that when the climate of the

northern hemisphere finally arrived at its present condition, all must
admit that Mr. Tylor did excellent work in drawing attention to the

heavier rainfall which must have formerly prevailed, as well as in

noting many interesting facts with regard to the various fluviatile

deposits. His health failed during the last two or three years of his

life, overmuch work having brought on renal disease ; but, notwith-

standing his malady, he was able to visit America in the autumn of

1884. On his return, however, his strength rapidly declined, and
he died on December 31, " not so much from specific disease as from

a collapse of the whole framework of life." He was married in

1850, and has left a widow and six children. It will be long before

some of Mr. Tyler's work is forgotten in the annals of geology ; but

he has left another—may I not say a better ?—monument in the

regretful affection of many friends of his own standing, and in the

enduring gratitude both of those less prosperous than himself, whom
he liberally aided, and of not a few members of a younger genera-

tion, to whom, before they could help themselves, he held out a

hand to give them that greatest boon, a fair chance in life.

James Btjckman was born at Cheltenham in the year 1814.

Designed for the medical profession, he studied in London, but not

liking it, he returned to Cheltenham and commenced business as a

chemist. But while in London he had evidenced a predilection for

science, and had made a considerable collection of plants then found in

the vicinity of the metropolis. In the year 1842 he was appointed to

the curatorship of the Birmingham Philosophical Institute, where he

remained till his election as Professor at the Agricultural College

at Cirencester. There he worked assiduously for sixteen years,

retiring in 1863 to a farm at Bradford Abbas, in Dorsetshire, where

he died on November 23, 1884. He wrote a large number of papers

on archaeology, botany (especially agricultural), and geology, some of

the last being contributed to our Journal ; these dealt with questions

concerning the palaeontology and stratigraphy of the Jurassic series

of the districts with which he was most familiar ; the last, published

in the 37th volume of oar Journal, being " On the terminations of

some Ammonites from the Inferior Oolite of Dorset and Somerset."
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EiCHARD AiETifsox Peacock, formerly of Lancaster and St. Helier's,

Jersey, died in London on February 2, 1885, aged 74. A civil en-

gineer by profession, lie took a great interest in geology, especially

devoting himself to the causes of volcanic eruptions and earthquakes,

and to the evidence of alterations in the level of the land in historic

times. In the former he regarded saturated steam as the motive

power, and on this subject he published at least one work. He was
the author of a book on the sinking of the north and west coasts of

Prance and the south-western coasts of England, published in 1868,
and in the year 1 876 read two papers before our Society on sub-

sidence in Jersey and Guernsey respectively. It is to be hoped that

the latter subject will not cease to attract notice now that we
have lost Mr. Peacock, for it is one of much interest. I may,
however, remark that for its investigation the acumen of the his-

torical critic is even more necessarj^ than the knowledge of the

geologist.

QiriNTiNO Sella, elected a Foreign Member of this Society in 1881,

died March 15, 1884. An admirable mineralogist and a sound

geologist, a man successful alike in private and in public business,

an accomplished statistician, statesman, and Minister of Finance, his

death fell heavily on many circles and on many societies. To us he

was known as a mineralogist, who, had he devoted himself wholly

to that study, would have attained a place among the very foremost of

the time ; to another band of Englishmen his name was familiar as

the President of the Italian Alpine Club ; to others, again, as the

President of the Academy of the Lincei at Eome ; to those without

our scientific societies, as the successful Minister of State and the

restorer of his country's finances to a comparatively sound condition.

Our generation has seen but few men of versatility so great,

industry so untiring, and success so varied, few who could have been
more widely regretted abroad or more deeply mourned at home.

Heineich Eobert Goppert, M.D., Ph.D., Professor of IS'atural

History in the ITniversity of Breslau, died on May IS, 1884, at the

advanced age of 84. He was elected a Foreign Member of our

Society in 1857, and in 1883 was awarded the Murchison Medal
in recognition of his labours in fossil botany. He was a man of

unwearied industry, 245 papers from his pen being recorded in the

List of the Poyal Society, the first of them dating from 1828 ; his

last work ^ On the Flora of Amber,' a quarto volume, was published

at Danzig in 1813, and an advance copy was forwarded to this

Society, and laid on the table at the Anniversary meeting, when
the Murchison medal was handed to his reiiresentative. In 1846
he received from the Academy of Sciences at Haarlem a gold medal
and an award in money for his memoir on the Carboniferous Flora.

The little band devoted to that most important but rather neglected

branch of our science, Palseobotany, will feel that the disappearance

from their ranks of Heinrich Robert Goppert is a loss not to be

lightly repaired.
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Perdi^^and von HocHSTETTER, son ofa clerical professor at Esslingen

in Wiirtemberg, was born on April 30, 1829. Destined at first for

his father's calling, he was led by his love of nature to adopt a

scientific career, and studied at Tiibingen under Prof. F. A.

Queustedt. After taking his doctor's degree, he proceeded to

Vienna, where he made the acquaintance of Haidinger, and from

1853 to 1856 was employed on the geological survey of Bohemia.

In the following years Hochstetter was absent from his native land,

being engaged as one of the scientific staff on the well-known
voyage of the ' ^ovara,' during which he quitted the ship for a time

in order to study the geology of ]S"ew Zealand and visit the

Australian gold-fields. The results of his explorations are published

in the first volume of the geological section of the work describing

the expedition of the 'jN^ovara ;' and Dr. Hochstetter was also joint

author of the small volume on Xew Zealand, a translation of which

is in the possession of this Society. On his return he was suc-

cessively Professor at the Yienna Imperial Polytechnic Institute,

and Director of the United Imperial Museum of Xatural History,

in both of which he reorganized the collections. In 1880 he was
elected a Foreign Correspondent of this Society. He was the author

of alarge number of separate papers and memoirs on mineralogical and
geological subjects, besides a 'Manual of Crystallography' and one on

Mineralogy and Greology; and he was the means of discovering

pile-buildings and other remains of a prehistoric race on the

margins of the lakes of Carinthia. Dr. Hochstetter was much
esteemed by the Imperial family of Austria, and numbered the Prince

Imperial among his pupils. His health had been for some time in

a failing condition, and he died, much regretted by all who knew
him, on July 21, 1884, leaving the reputation of an admirable geo-

logist and an indefatigable worker.

The long and melancholy list is not yet ended. We lament, in

sympathy with our geological brethren across the Atlantic, Alexander
Murray, member of the Canadian Survey, to whom we are indebted

for most of what we know of the geology of Newfoundland. We
have lost also from the list of Members who have contributed papers,

Mr. T. CuRLEY and Mr. Joseph Colthurst, and but two days since

came the heavy news of the death of Mr. J. P. Campbell. Born
December 29, 1821, the eldest son of Walter P. Campbell, Laird

of Islay, and cousin of the present Duke of Argyll, his prospects

early in life were darkened by the loss of the family property during

his father's lifetime, and thus he found himself, immediately after

attaining his majority, thrown upon his own resources. This trial

was borne with a quiet magnanimity which gained him the admi-

ration of his kinsfolk and friends. He was called to the Bar, but

never practised. Prom 1854 to 1860 he was successively Private

Secretary to the Duke of Argyll and Secretary to the Board of

Health, the Mines Commission, and the Lighthouses Commission,

and from 1861 to 1880 he held office in Her Majesty's household.

In the intervals of the above duties he travelled much. Iceland and
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Scandinavia were more than once visited. In 1864 he v^ent to

America, describing the journey in ' A Short American Tramp,'

published in 1865. In 1873-74 he travelled through the north of

Europe to Archangel, thence through Eussia to the Caucasus, and
home by Constantinople and Southern Europe. In 1874-75 he
made the journey round the world described in ' My Circular jSTotes ;'

and at later periods spent some time in India, Syria, Palestine, and
Egypt. He contributed to our Journal papers on glacial subjects,

and wrote also on the Parallel Eoads of Lochaber and on the Gold
Diggings of Sutherland. In addition to this he was an authority

on Scottish Eolk Lore. By geologists, however, he will always be

best remembered in connexion with his book entitled ' Erost and
Eire,' published in 1865, a work which bears evidence of his skill as

an artist and accuracy as an observer, is full of quiet and quaint

humour, is delightfully written, and, even when not convincing, is

none the less suggestive. His loss will be deeply felt, for he bore

equally well adverse and prosperous fortune, and " where he was
best known, there he was also best loved."

The papers which have been presented during the last session have

not, I think, been inferior in number or in interest to those of the

preceding one. As in that, papers more or less stratigraphical have

preponderated, and no lack of interest appears in those questions

where the petrologist goes hand in hand with the field-worker

;

thus rocks igneous and rocks Archaean have received a large share of

attention. Dr. Callaway read an elaborate paper bearing upon the

relations of the older rocks of Anglesey. His assignment of certain

fossiliferous strata to the Ordovician, rather than to the Cambrian, did

not seem to command the suffrages of other workers in the same field
;

but it will be diflScult, I think, to gainsay the evidence in favour of

the Archaean age of the crystalline schists and so-called granites,

which he brought forward in corroboration of that laid before you

last year. Mr. Hill broke ground in a field comparatively new,

whose rocks have long called for investigation by the more accurate

modern methods, in his paper on the rocks of Guernsey.

My predecessor suggested, in his address last year, that there would

be better chance of controversialists coming to an agreement on the

difficult questions involved in the geology of the Archaean rocks,

could they meet for discussion upon the ground. Provided that due

precautions could be taken for preventing the melancholy consum-

mation which was fatal to a well-known scientific society, there

would be much, I think, in favour of this " trial by a mixed commis-

sion." But pending any such gathering of the clans on the Pebidian

moorland. Dr. Hicks laid before the Society his rejoinder to the

criticisms made in the previous session by the Director-General. As

the forces of Jermyn Street had been concentrated on him, he not

unnaturally sought the alliance of others, and Mr. T. Davies's

petrological appendix to Dr. Hicks's paper forms a valuable contri-

bution to the history of these interesting Pembrokeshire rocks. Some
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of the questions involved in this controversy cannot be settled in the

present state of our knowledge ; but on two of great importance, the

two most vital to his theor}', viz. the great antiquity of the so-called

Dimetian rocks and the separability of the Pebidian from the

Cambrian, Dr. Hicks brought forward evidence which it is difficult

to gainsay. Henceforth it will, I think, be admitted that the Dimetian
cannot be regarded as an intrusive igneous rock of Palaeozoic age ; and
that the Pebidian has. stratigraphically, at least as good a claim to be

considered a distinct formation as the Lower Silurian of the Survey.

In anticipation of the meeting of the British Association in

Canada, we received an excellent summary of the geology of the

district traversed by the Canadian Pacific Railway from our old

friend Principal Dawson, who is always a welcome visitor on this side

of the Atlantic, and in whose well-earned additional dignity we all

rejoice. Professor Green proposed a new reading for a well-known
but admittedly difficult section at Llanberis. Mr. J. J. H. Teall has

added to his reputation by his thorough and exhaustive paper " On
the Chemical and Microscopical Characters of the Whin SiU," and that
'• 'On the Conversion of a Dolerite into Hornblende-schist." Professor

Judd has found time amidst his pressing duties to give us another

instalment of his investigations in Scotland in the paper read at our

last meeting " On the Tertiary and older Peridotites of the Western
Islands," a paper which will not only add largely to our knowledge
of some very interesting rocks, but also be a most suggestive one to

the petrologist. At an earlier meeting in my year of office Professor

Judd also presented a supplement to his important paper on the Eich-

mond boring, when contributions were read by Prof. Eupert Jones on

the Foraminifera and Ostracoda, by Dr. G. J. Hinde on the Calci-

spongiae, and by Mr. G. E. Yiue on the Polyzoa obtained from the cores.

A paper dealing with a cognate subject and of hardly less interest was
that by Mr. J. Eunson on the range of the Palaeozoic rocks beneath

Northampton. The author laid before us the details of four borings

in the Northamptonshire area, of which three had been observed by
himself. At Kettering Eoad, one mile N.E. of Northampton, after

passing through beds of the Inferior Oolite and the whole thickness of

the Lias, about 67 feet of strata were traversed, Avhich might repre-

sent some part of the Trias, after which beds of the Carboniferous

series were struck at a depth of 805 ft. 6 inches and pierced for about

45 ft. At Gayton the beds assigned to the Trias were 61 feet in thick-

ness, and these were followed by beds of more dubious age for 22ft.

6 inches, after which indubitable Lower Carboniferous Limestones

and Shales were traversed for 190 feet, and were followed by red grits

and marl, pierced for a depth of 105 feet. These rocks, be they Lower
Carboniferous or Old Eed Sandstone, or yet earlier, are certainly

made up, in part at least, of the ruins of granitoid rocks, and . are

interesting as throwing light upon the probable source of many
fragments of reddish grit in the Trias of the north-east of England.
It seems to me not impossible that rocks similar in composition to

these may have helped to constitute the ancient uplands which
probably formed the eastern boundary of the river-valley in connexion
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with whicli the lower memhers of the Trias were deposited. In
the third boring at Orton, 12 miles jST.E. of Northampton, only about

24 feet of rock occurred which could be possibly referred to the

Trias, shortly after which a quartz-felsite was pierced, very similar in

all respects to the rock at High Sharpley (Charnwood Forest), which
I was formerly inclined to refer to an altered rhyolitic ash, but now
feel more disposed to regard as a true lava, once glassy, but now
devitrified, greatly crushed by subsequent pressure.

The remaining stratigraphical papers are not very numerous, and
mostly rather brief. That by Mr. Downes on the Cretaceous beds

at Black Yen has considerably augmented our knowledge of the

basement-beds of the Chalk in the western area of Britain. Those

by Mr. Starkie Gardner on the plant-bearing deposits in connexion

with the basalts of Ireland and Iceland appear likely, when the

whole evidence is published, to raise questions of importance as to

the age of these deposits ; and to the extremely interesting paper by
Mr. Searles Wood on the no less problematical deposit at St. Erth,

I have already referred. Mr. Lamplugh added largely to our

knowledge not only of the fauna, but also of the stratigraphy of the

interesting fossiliferous deposit associated with Boulder-clay at

Bridlington. Boulder- clays themselves have been the subject of

papers by Mr. Mellard Beade and Mr. Jukes-Browne ; an inter-

esting paper by Col. Godwin-Austen and Mr. Whitaker on a new
railway-cutting at Guildford dealt with Post-tertiary as weU as

Tertiary geology ; and Mr. Pidgeon brought us up to historic time

by his communication on the submerged forest at Torbay.

On palseontology, we have had the pleasure of receiving three

papers from our " Nestor " in that branch of geological study, Sir E.

Owen. In that on Eliytidosteus capensis, from the so-called Trias

of the Orange Biver Free State, he directed our attention to certain

mammalian characters in the Labyrinthodont Amphibians, and in a

later communication pointed out the resemblance between the teeth

of the South-African Tritylodon, described last year by him and

assigned to the Mammalia, and those of the Eocene mammal, Meo-

^lagiaulax. In a third paper he described a portion of a skuU of a

youthful ElepTias antiquus from Creswell Crags. Mr. E. T. Newton
introduced to our notice a new species of Gazelle from the Forest

bed ; Mr. MialL described a fine specimen of MegcdicJithys from the

Yorkshire Coal-field ; and Prof. E. W. Claypole showed that in

America he had detected the remains of Pteraspidian fishes at a

lower geological horizon than they are known to occur in Britain.

A new species of Conoceras has been described by a new contributor,

Mr. T. Eoberts; and Mr. Walford has given us a second of his

carefully worked-out essays, in that " On the Stratigraphical

Position of the Lower and Middle Jurassic Trigonice of North

Oxfordshire and adjoining districts." Mr. Yine has treated of the

Cretaceous Lichenoporidae, and Prof. Duncan, Mr. Champernowne,

and Mr. Tomes of various corals. Professor Hughes has reduced

the number of extinct creatures by destroying Spongia paradoxica

;

while Dr. Hiude has shown us that it is possible to understand
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even such a difficult family as the Receptaculitidae. We received

only one palacobotanical paper, strictly speaking, namely, that by

Mr. Kidston, on Zeilleria and other forms belonging to the old genus

Sphenopteris.

In addition to these, several papers were read on geological

subjects without the limits of the United Kingdom, dealing with

localities not only on the continent of Europe, but also in regions

so remote as Japan, Australia, and Kew Zealand.

Turning for one moment from the work of our Fellows, as

evidenced in our Quarterly Journal, we may assert with just pride

that in other quarters also the intellectual activity of the Society

exhibits no symptom of decline. Many by their contributions have

aided Dr. H. Woodward in maintaining the high standard of that

most valuable periodical the Geological Magazine, whose coming of

age ought to be celebrated this year. The annual volume of the

Palseontographical Society, edited still, as it has been so long and so

well, by our Treasurer, Prof. Wiltshire, more than keeps up its high

reputation, and both deserves and needs the support of all geo-

logists. In it Baron von Ettingshausen and Mr. J. Starkie

Gardner continue their work on the Eocene Flora ; Professor

Rupert Jones, with his coUahorateurs Messrs Kirkby and Brady,

neither of whom have we the pleasure of counting among our

Fellows, conclude their monograph on the Carboniferous Entomo-
straca ; Dr. AVoodward completes the description of the Carboniferous

Trilobites ; Mr. Davidson, the supplement to the British Brachiopoda,

bringing thus to an end, at any rate for a time, a^work of inestim-

able value to every student of geology ; and the volume ends with

the seventh part of the description of the Ammonites of the Lias,

the last contribution which we shall ever receive from the pen of

our departed friend Dr. T. Wright. Mr. Bauerman has published a

most useful ' Manual of Systematic Mineralogy,' thus completing his

treatise on the subject. The large and exhaustive volume on ore-

deposits entitles Mr. J. A. Phillips, our Vice-President, to the

gratitude of all students of that difficult branch of our science
;

Professor P. M. Duncan has revised and augmented the fourth edi-

tion of Sir Charles Lyell's ' Student's Manual of Geology ; ' and the

first volume of the late Professor Phillips's 'Manual of Geology,'

treating of Physical Geology and Palaeontology, testifies the care and

the erudition of Professor Seeley. On this the editor has expended

fully as much labour as would be needed for the production of an

entirely new book, and it is impossible to praise too highly the

research which it evidences. It is far more than a text-book, it is

a directory to the student in prosecuting his investigations. We
await impatiently the second volume, on Stratigraphical Geology,

which is in charge of our friend Mr. P. Etheridge, sometime

President of this Society. Lastly, we have just received from the

British Museum a copy (in advance) of Mr. R. Lydekker's Illustrated

Catalogue of the Fossil Mammalia (Part I.), and also a copy of a
small illustrated Guide to the Fossil Fishes by Dr. H. Woodward.
Both these books are placed upon the table.



50 PEOCEEDr!S"GS OF THE GEOLOGICAL SOCIETY.

Bnt the event of primary importance iu geology during tlie past

year has been the abandonment on the part of the Director General

and other officers of the Geological Survey, of the Murehisonian

hypothesis concerning the stratigraphj^ and the age of the meta-

morphic rocks of the Central Highlands. In his letter, published

in ' IN'ature,' J^ov. 13, 1884, the Director General, " spatiis conclusus

iniquis," was prevented from indicating the share which previous

writers had taken in bringing about this result ; but as in these

later days the " morning stars " of this reformation have arisen from

our Society, and for the most part scintillated in our Journal, you
will, I am sure, pardon me if I dwell briefly on the dawn before

sunrise. Great as our gratitude should be to those who bring us

the perfect light, we should not forget their harbingers in darker

times, even if they could not wholly disentangle themselves from

the mists of error.

The view that the crystalline schists of the Central Highlands *

were, in the main, metamorphosed representatives of Lower Silurian

strata, set forth in fullest detail in the classical papers of the late

Sir R. llurchison and Dr. A. Geikie, was alwa^'S stoutly resisted by
the late Professor jSTicol ; but the authority of its upholders and the

perspicuity of their arguments prevailed with the geological world,

and opposition seemed to have expired with the death of ]N'icol.

The Murchisonian hj-pothesis was endorsed by every official pub-

lication ; it permeated our text-books. The first to raise the standard

of revolt against authority was Dr. H. Hicks, who has devoted

himself to the identification of Pre-Cambrian rocks which have been

absorbed into and annexed by later formations, and their restitution

to Archsean, with as much energy as, and better success than, some
ethnologists have displayed in the discovery of the " lost ten tribes."'

In our Journal for the year 1878 (vol. xxxiv.), Dr. Hicks published

a paper " On the Metamorphic and Overlying Eocks in the neigh-

bourhood of Loch llaree, Eoss-shire." In this,, while agreeing with

Sir R. Murchison and Dr. A. Geikie that there was an ascending

succession from the Hebridean series, through the Torridon sand-

stone, quartzites, and limestones to the flaggy series (called by those

authors the Upper Gneiss), and an intrusive mass of syenitic rock

(exposed on the floor of Glen Logan at the base of the last named),

he maintained that they were mistaken in supposing the so-caUed

Upper Gneiss, exhibited on the left bank of Glen Logan and in the

lower part of Glen Docherty, to be a metamorphic group, and had

overlooked the fact that true metamorphic rocks belonging to the

oldest or Hebridean series reappeared in the floor of Glen Dochertj-,

and by gradually rising and probably upfaulting, formed the whole

mass of Ben F5^n, whence they passed southwards to constitute the

major part of the Central Highlands.

In the volume for 1880 appeared a paper entitled " Petrological

^ An excellent sketch of the earlier stages of the controversy as to the ago

of the rocks of the Scotch Highlands is given by Mr. W. H. Hudleston, in a

paper read to the Geologists' Association in 1879, and printed in Proceedings

Gaol. Assoc. toI. vi. p. 47.
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Xotcs on the vicinitj' of the upper part of Loch Maree." The author,

after emphasizing certain stratigraphical difficulties to which atten-

tion had been called at the reading of the last-named paper, expressed

his opinion, founded on microscopic study, that the flaggy beds,

regarded as unaltered Lower Silurian by Dr. Hicks, were rightly

called metamorphic and were true schists, although very different in

character from the admitted Hebridean rocks ; he stated also that he

had been unable to recognize any distinction between a newer and

an older series in Glen Docherty, the former appearing to pass on

from its escarpment at the upper end of Loch llaree towards Ben
Eyn, although certainly the rock became more highly metamorphosed
in this direction. The author accordingly contended that Dr. Hicks

had failed to make good his criticism against the Murchisonian

hypothesis. He asserted, however, that previous observers were in

error in supposing the " syenite " of Glen Logan to be an intrusive

mass of igneous rock, and maintained, on stratigraphical and petrolo-

gical evidence, that it was simply a portion of the Hebridean floor

brought up into its present position by faults *.

The controversy was now transferred to the pages of the ' Geo-

logical Magazine.' Dr. Hicks obtained the valuable aid of Mr. T.

Davies to examine his specimens microscopically, and published a

series of papers in the volume for 1880 (vol. vii. dec. 2). In these

he maintains the general accuracy of his former views, insisting

much on the identity of the Ben Fyn schists with those of admittedly

Hebridean age at Gairloch; a point which, though obviously of

primary importance in the argument, had unaccountably in his

former paper been passed over almost in silence. He also admitted

that the so-called syenite of Glen Logan was not intrusive in the

Lower Silurian strata, though he still regarded it as an igneous rock,

but of Pre-Cambrian age, and he modifled the section, which had been
most open to criticism, so as to weaken the main objections. To these

papers his critic briefly replied, commenting upon what appeared to

him the weak points of the defence, and expressing more clearly his

own position in the following words, " It is possible there may be

very much Pre-Cambrian rock in the Scotch Highlands ; my con-

tention is that Dr. Hicks's proof of this is erroneous."

Another paper was read by Dr. Hicks before our Society upon the

age of the Scotch Highlands, which, however, was subsequently

withdrawn by the author, so that only a short abstract appears in

the volume for 1880 ; but I believe the substance of it was after-

wards embodied by him in an address to the Geologists' Association.

In this Dr. Hicks deals with the district for a considerable distance

on either side of Loch Liunhe, Loch Eil, and the S.W. end of the

Caledonian Canal. He shows that here also a great series of rocks

occur corresponding with those of Hebridean type, both as asserted

by himself and as admitted by his opponents, with which are in-

folded both a schistose series, which he is disposed to correlate with

* The possibility of part of this being gneiss bad already been suggested
(without the knowledge of the writer of the above paper) by Mr. Hudleston
in his communication to the Geologists' Association.
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the Pebidian of "Wales, and a group of rocks comparatiyely un-
altered, which he regards as Silurian.

In the volume for 1881 a new combatant appears, and the debate

is transferred to another region. • Dr. C. Callaway, in a short paper

on " the Limestone of Durness and Assjnt," comes to a conclusion

which perhaps may be most simply expressed in his own words.

He had selected the localities " because they alone are alleged to

have yielded fossils from the limestone, and because Murchison
regarded them as of primary importance in the construction of his

argument. My researches," he says, " led me to the conclusion,

not only that the sections were broken and therefore untrustworthy,

but that the relations of the several rock groups were inconsistent

with the supposition that the limestone passed below any part of the

newer metamorphic series." In another short paper jDublished in

the volume for 1882 he asserts the conformity of the quartzite with
the Torridon Sandstone in the Loch Broom and Loch Assynt region,

and on that ground maintains that the latter has more claim to be

referred to the lower part of the Ordovician than to the Cambrian
series. In a paper entitled '' Eirst impressions of Assynt," published

in the 'Geological Magazine' for 1882, Mr. Hudleston insists strongly

on the evidence of folding and faulting on a vast scale, doubting the

existence of the " Upper Quartzite," and bringing forward numerous
reasons for believing that the equivalent in that district of the
" syenite " of Glen Logan was, " from top to bottom, the local repre-

sentative of the fundamental gneiss, or something that is first cousin

to it."

In the volume for 1883, Dr. Hicks returned undaunted to the

attack, and, in the chivalrous spirit of one who fights for truth

rather than for victory, took his old antagonist into his confidence,

and obtained his aid in the examination of his collections. In this

paper, which deals with an extensive district on the western side of

Scotland, between parallels of latitude drawn roughly through Fort

William on the south and the lower end of Loch Maree on the

north, Dr. Hicks gives the results of two journeys undertaken

subsequently to the year 1878, and brings forward very strong

evidence in favour of the following conclusions :—that in the district

between Loch Maree, the Gairloch, and Loch Torridon, the admittedly

Palaeozoic beds (Torridon Sandstone, Quartzites, &c.) rest upon the

Hebridean series, which exhibits in ascending order three litho-

logical types ; the lowest or most massive being exposed on the east

shore of Loch Maree : the middle or more banded gneisses occupying

a considerable area on the west shore of the same loch, and a strip

between the head of the Gairloch and the lower part of Loch

Torridon ; and the upper or micaceous schist-like group occupying

a strip which, starting from Ben AUigin, runs northward to the

head of the Gairloch, separating the two areas of the last-named

group. That the whole of the series is included in the Hebridean

of Murchison has never been questioned. Dr. Hicks then points

out that a group of rocks lithologically corresponding with the last-

named of these passes by Loch Pannich and the head of Glen
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Logan, through Ben Fyn and the district cast of it, and so

broadening out occupies the coast from Loch Ailsh to Arisaig.

Again it reappears, on the eastern side of a fault, near the head of

Loch Eil (on the northern shore of which is a small area of Torridon

Sandstone), extending to Port William on the Caledonian Canal.

The triangular space between these two districts was occupied, as

he showed, by a series of rocks corresponding lithologically with the

middle zone of the Hebrideans of the Loch-Maree region. To these

three lithological groups Dr. Hicks gave the names respectively of

the Loch-Maree, the Loch-Shiel, and the Gairloch or Ben-Fyn series,

and he inclined to hold them stratigraphically distinct one from
another. Dr. Hicks also admitted in this paper the gneissic charac-

ter of the so-called syenite of Glen Logan, and classed it with the

Loch-Maree group, stating that in the upper part of the glen he
had found that it abutted on rocks belonging to the Ben-Fj^n

group.

The perplexing schists on the southern side of Glen Logan
(named by him the Glen-Docherty beds, which occupy a consider-

able area on either side of the latter glen) are separated from the

rest, and their age is left by him in uncertainty. It cannot be

denied that in this paper Dr. Hicks made to the controversy a contri-

bution of the highest value, and may claim to have brought Highland
reform into the region of practical politics. He had shown that

unless lithological similarity was to be utterly disregarded as a factor

in correlation in two areas almost neighbouring, a very large

portion of the western Highlands north of the Caledonian Canal was
occupied by rocks which were substantially identical with an im-
portant series of admittedly Hebridean age, and exhibited the

same lithological sequence.

But this was by no means the only blow dealt in the course of the

year. Three months later was read a third communication from

Dr. Callaway, printed in the same volume, " On the Age of the newer
Gneissic Rocks of the Northern Highlands." This elaborate paper

was the result of work done chiefly during the summers of 1881

and 1882, in the districts around Lochs Broom, Assynt, and Erriboll.

The following is a summary of Dr. Callaway's principal conclu-

sions :

—

(1) The " Upper Uuartzite " of some authors is, in these districts^

simply a repetition by folding of the so-called Lower Quartzite ; the
" Upper Limestone " on Loch Ailsh is marble and crystalline dolo-

mite in the Eastern-Gneiss series (Upper Gneiss of Murchison) ; the

Assynt series (Palaeozoic) has been doubled back upon itself in a com-
pressed synclinal fold along Loch ErriboU, while along Loch Broom the

dolomite (of the Palaeozoic series) does not come into contact with the

Eastern Gneiss at all, but is separated from it by older faulted

rocks.

(2) In the three areas described the Assynt series and the Eastern

Gneiss display a discordant strike and dip.

(3) The " igneous rock " of some authors, that now commonly

VOL. XLI. c/
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referred to as the Logan* rock, is usually the Hebridean Gneiss?

which is often brought by an overthrow fault above different

members of the Assynt series.

(4) The Eastern Gneiss, though actually overlying the Assynt
series in some localities, has been brought into this abnormal position

by earth-movements subsequent to the deposition of the latter, and
belongs to the Archaean group, but is nevertheless widely separated

in age from the Hebridean.

In his earliest paper Dr. Callaway had been disposed to acquiesce

in the view which for a time found favour with several investigators,

myself among them, that the apparent sequence from the base of the

Torridon Sandstone to the Upper Gneiss might be a real one,

but that the fossiliferous limestone of Durness might not be

identical in age with the dolomitic limestone which appeared to

underlie the Upper Gneiss, hence that the rocks from the Torridon

Sandstone to the Upper Gneiss inclusive might all belong to

the Archaean series, though to a later part of it than the Hebri-

dean. This view Dr. Callaway, after more detailed work, was com-
pelled to abandon, and I am myself convinced that we must accept

the Torridon Sandstone, quartzite, and overlying limestone, whether

dolomitic or not, as deposits of Palaeozoic age.

But the untenabilLty of the Murehisonian hypothesis had been
simultaneously demonstrated by yet another investigator. Professor

Lapworth, whose work in the southern uplands of Scotland had
rendered him especially familiar with disturbed districts, and with

the principles of mountain as opposed to lowland stratigraphy,

applied himself in the summer of 1882 to the study of the coast

region of Durness and ErriboU, selecting that as the one in which "a
demonstrably ascending succession from the basal Hebridean Gneiss

through fossiliferous Palaeozoic limestones into the metamorphic

gneiss and micaceous schist and slates f of the Central Highlands
'"

was asserted to occur. The results of this work have been only in

part published, because, on revisiting the country in the summer of

1883, incessant labour and continuous exposure completed the ill

effects of a long period of excessive devotion to work, and brought

on most serioas illness, from which Professor Lapworth has hardly yet

comi^letely recovered. But you will remember that he exhibited in

this room a most elaborate map and sketch section, at the meeting

when Dr. Callaway's paper was read J, and showed how his detailed

work in the Erriboll region was in accordance with the main conclu-

sions at which that investigator had arrived. Professor Lapworth,

however, in the course of the jeai 1883 contributed three papers to the

Geological Magazine, entitled " The Secret of the Highlands."' These

papers, the first of which was published in the March number, I may
venture to assert will always hold a very high place among the contri-

butions to the elucidation of a problem which for so long has been the

special "crux " of British geologists. In the first. Professor Lapworth

* Named from Glen Logan, near Loch Maree, also vn?itten Glen Laggan.

t The Upper Gneiss of Murchison and Geikie.

+ May 9, 1883.
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demonstrates, by a sketch of the geology of the Diirness-Erriboll

region, that the ordinary principles of stratigraphy would lead obser-

vers in two adjacent , districts to absolutely contradictory results

viz. that in the Durness area, the Sutherland (or Newer) Gneiss

series is demonstrably newer than the (fossiliferous) Paloeozoic series,

and in the Erriboll area is demonstrably older. In the other papers,

published in the May and August numbers (the series was, I believe,

left incomplete through his illness), he proceeds to apply to the

Scotch Highlands the principles of mountain stratigraphy enunciated

by Rogers, Heim, Ealtzer, and others, and shows how, in the process

of folding, inversions and overthrust-faults may be produced on a

gigantic scale, and appearances of conformable succession and even
of bedding be simulated, which are nevertheless wholly deceptive.

The matter, then, before the end of the year 1883, in the summer of

which a detachment from the Geological Survey took the field in

Sutherland, stood thus : two or three of those whom I may call the

minor contributors to this controversy, had pointed out serious

mistakes and unsuspected difiiculties, and had expressed, in effect,

this opinion, that very clear evidence would be needed before we could

accept the dominant rocks of the Highlands as of Lower Silurian age.

Dr. Hicks had shown that unless lithological similarity in neighbour-

ing districts be of no value, a very large portion of the rocks in the

mountain region of South Eoss-shire and Inverness must be much older

than the Torridon Sandstone, and that there was evidence of faulting

and folding on a gigantic scale. Dr. Callaway had shown the same
for the western part of Sutherlandshire, and had proved the ex-

istence of unsuspected inversions and overthrusts ; while Professor

Lapworth had demonstrated the Murchisonian hypothesis to be

self-contradictory in a region regarded by its upholders as typical, and
had shown us that the difficulties, anomalies, and deceptive appear-

ances are such as are usual phenomena in mountain-making on a grand

scale*.

I have dwelt but little upon the discordances or the errors of the

observers whose work I have noticed Perfect concordance among
reformers is not to be expected ; and men who are honestly struggling

towards the light cannot hope to attain at one bound to the

complete truth. There is always a danger lest the fascination of a

new discovery should lead us too far. Men of science, being

human, are apt, like lovers, to exaggerate the perfections and be a

little blind to the faults of the object of their choice. Even now,
great as has been the flood of light thrown upon the question by
the writings of the Director General and his officers, I am sure

that they would be the last to indulge in the illusion that they have
solved every mystery or may not have to correct some details. It

* I have omitted in the above brief sketch several papers of minor impor-
tance "which have appeared in the ' Greological Magazine ' and other publications,

and a series of papers by Prof. Heddle in the ' Mineralogical Magazine ;' the

latter, because, notwithstanding their value as contributions to the mineralogy
of the Highlands, I do not think they help us much in the elucidation of the

above-named problem.

32
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will need years of careful mapping in the field, supplemented by
minute study of tlie rocks by practised and qualified microscopists

(for in this matter a very special training is needed), before the whole
secret of the Highlands is discovered. I am, indeed, more hopeful

of the possibility of distinguishing between the results of metamor-
phic action in Palaeozoic and in Archaean times than I believe some
workers in this field to be; but to this subject I hope to return if

honoured with another opportunity of addressing you from this chair.

However, whatever may be the results of future work, whether
official or non-official, I do not hesitate to say that this abandonment
on the part of the Geological Survey of the Murchisonian hypothesis

is an event of primary importance in the history of geological

progress ; and we should render a just tribute of admiration to the

Director General and to Messrs. Peach and Home, the chief mem-
bers of the field-party, for their candour in investigating the

question and in announcing their abandonment of opinions which
only a few years since it would have seemed presumptuous to

question. When Dr. Geikie declares that an hypothesis, main-
tained by one whose memory is justly dear to him, in the support

of which he himself in his younger days played an important part,

must be abandoned, he shows himself superior to that too common
weakness which fears to admit a mistake, and he gives us the best

hope for the future of the Geological Survey of Great Britain.

Indeed, the importance of this step can hardly be over-estimated

in regard to its future results. As a worker in petrology, I can

testify how the Murchisonian hypothesis has lain like an incubus on
the investigator, impeding his progress in what seemed legitimate

inductions from observed facts, and being invoked by his opponents

as a kind of fetish. Its abandonment, therefore, will be of moral

as well as of intellectual value. I have noticed, sometimes with

regret, among geologists an over-tendency to hero-worship. To
question the conclusions of one of the great men now departed from

among us has been regarded as savouring of presumption. We are

right, in the interest of science, to scout criticism which is founded

on ignorance, and to show little mercy to rash hypothesis ; for these,

by cumbering the ground, retard instead of helping progress ; but a

spirit of blind adoration for the past should have no place among
those who are seekers after truth. So long as the facts are un-

altei'ed we are right in hesitating much before we differ from

conclusions which one of our departed worthies in science has

formed upon the data which were submitted to him as fully as to

us ; but when new facts have been discovered, when novel and more

perfect methods of investigation have been devised, we are bound,

as honest men, to make full use of these and not to shrink from

announcing our conclusions. I yield to no one in reverence for

our great men of old ; I marvel humbly at what they accomplished

with the means at their disposal ; but I should think it a wrong to

the memory of searchers after truth did I invoke their names to

arrest its progress, and use the '^ dead hand " of the departed hero

to paralyze the living worker. There is no revelation in science

;
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discovery did not cease when either De la Beche, Miirchison, or Sedg-

mck rested from their labours ; and it needs no prophet to foretell

that in the dsLjs to come others will "rise on stepping stones of our

dead selves to higher things."

Another good effect on geological progress is likely to result from
this honest recantation. The establishment of a Geological Survey
as a department of the State is an immense boon to a country ; but

there is always some danger lest the systematic method of their

work, and a natural, I may say laudable, esjjrit de corps should

lead its members to regard workers unconnected with them as

intruders, and to speak with some contempt of " amateurs." Per-

sonally I should not admit that a man who has devoted his life to

the study and teaching of geology is not as fully entitled to be
called a Professional Geologist as one who is an officer of a Survey.

Indeed it appears to me that in the two ranks you will generally

have developed capacities equally important, which can very rarely

be united in any one man. The official surveyor obtains knowledge
of great accuracy and minuteness in a field which, from the nature

of the case, must be rather limited ; hence he becomes what we may
call a specialized stratigraphist ; or, if not, he must occasionally be

set to execute work for which he is imperfectly qualified, and so

may make serious mistakes. The unofficial geologist, unfettered

by the requirements of an office and the necessity of returning a

seemly annual report of progress to his paymasters, the State, is

able not onl^ to follow his special bent, but also to extend his

experience over a wider area. Travel, as it has been well said, is

an essential in the education of a geologist ; but to travel much
requires a more liberal allowance of time and of stipend than can

be obtained from an English Government. But accepting for a

moment the definition of a professional geologist, as commonly un-
derstood, there is and has been sometimes a danger that the class-

feeling of which I have spoken should be aroused. It would be an
ill day for science if the Geological Survey should ever become
so narrow-minded as to resent ex officio the criticism of unattached

competent observers, or one of the latter find any special pleasure

in dilating upon a chance mistake which bore the imprimatur of

Jermyn Street. It would be the greatest disaster if the votaries of

geology became divided into " an establishment " and " noncon-

formists," and imported into their difi'erences a spirit too prevalent

in theology. Messrs. Peach and Home, by their unprejudiced inves-

tigation into the facts in the field, and the Director General by his

frank admission of a past mistake, have done their best to close a rift

of which I have sometimes observed indications. In the future

it will be evident that aU alike are liable to err, and that the dis-

<30very of truth is not limited to any age or any workers. Science

needs no infallible church and admits of no Pope.

On these occasions you have for long past tacitly indulged j^our

President with an opportunity of making some remarks on any
department of geology in which he is specially interested. Of this
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indulgence I intend to avail myself hy selecting petrology*, because

of late years I have more especially devoted myself to investigating

that branch of geology. In so doing I cannot hope to command
the sympathies of more than a limited portion of my audience ; but

I venture to think that it may be of use to state, as clearly as may
be in my power, some of the results at "which I think petrologists

have arrived, and some of the difficulties which yet remain for solu-

tion. It will not, however, be my purpose to endeavour to ascer-

tain whether the former category commands a majority of votes

among geologists, or even among nominal petrologists ; I shall

venture to speak, as it has been my habit to work, with considerable

independence, and you must receive my remarks as mainly the ex-

pression of my own opinion, which, however, I can assure you, in

all matters still the subject of controversy, has not been formed
without considerable thought and labour. This method of proce-

dure has been rendered inevitable by the circumstances of the case.

It is now some fourteen years since, owing to a combination of

causes, I drifted into studying the microscopic structure of rocks.

I say " drifted," because I did not undertake the study deliberately,

nay, I refrained from it for some time through fear that a certain

delicacy in my eyes would make it impossible for me to work with

the microscope. That fear, however, has happily proved to some
extent groundless, though I have always had to exercise considerable

caution, and to use high powers only for limited times. I began
the study in consequence of finding among those who professed to be

authorities such a conflict of opinion, even upon the most fundamental
questions, that no conclusion, upon written evidence alone, seemed
possible. Hence it has always been my endeavour to work without

prejudice in favour of any view, to gather my facts from observa-

tions both in the field and with the microscope, to frame hypotheses

as the facts accumulated, and then to continue to test these hypo-

theses by further work. I believe that I may add that, at the

beginning, I always took as the more probable hypothesis that which
appeared to find acceptance with the best authorities. I have endea-

voured, in short, to apply to this branch of geology the laws of

reasoning which were taught me years ago in mathematics, and I

venture to believe that this method is the safest. It will not save

one from mistakes ; it may happen that, notwithstanding aU care,

one generalizes too hastily ; a wider knowledge may show that an

hypothesis is inadequate or imperfectly stated ; but still, I believe

that this method of successive approximations, of framing working

hypotheses from facts, and constantly exposing these to the test of

new facts, is the right way to attain truth in science.

Let me, however, first venture one or two remarks on the present

position of petrology as a branch of science. It has undergone

vicissitudes. To many of the early geologists it presented great

* Or, as some authors prefer to call it, petrography. The word used in the

text appears to me preferable on the analogy of the other designations of

sciences, petrography indicating the description rather than the scientific

investigation of rocks.
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attractions, and for a time palaeontology was of less account than

mineralogy, the fossil contents of the earth's crust attracted less

attention than its mineral structure. But some forty years ago the

majority of geologists yielded to the fascination of the vast field which

a study of fossils opened out before them : and exact petrology, at any

rate in England, found few followers after the death of De la Beche.

I do not say this as a reproach—it is well that each generation

should do the work which lies ready to its hand ; and I can under-

stand that the great mystery of life will always induce (and, I may
say, rightly induce) the majority of thoughtful men to incline to a

study of the organic rather than of the inorganic world. Further,

the older generation of petrologists had gone about as far as was
possible with the means at their disposal ; the revival of petrology

has been due to the application of the microscope to the investi-

gation of its problems. In this respect we may feel a just pride in

remembering that to one of our countrymen, Dr. H. Clifton Sorby,

a former occupant of this chair, belongs the honour of being among
the very first to appreciate the importance of this mode of investi-

gation and to place himself at its head.

At the present time the study of petrology is encompassed with

not a few difficulties, some inherent, some temporary. It may be

useful, even at the risk of giving offence, if I glance briefly at these.

To begin, the study is not, and can hardly ever be, a popular one.

To be an ideal petrologist it is necessary to be a good chemist,

physicist, mineralogist, and field-geologist ; and who can hope to

combine qualifications so diverse ? Again and again I have found

myself sharply stopped by my ignorance of chemistry, of physics, or

of mineralogy, or by want of leisure to undertake along journey for

the purpose of study in the field. These difficulties, however, will

always more or less exist, and we must be content to do our best

with the means at our disposal. But there are also difficulties of a

more temporary nature. One is that geologists, as a body, under-

value rather than overvalue the difficulties of the subject, and seem

disposed to treat it as a playground whereon they may relax from

severer studies. As regards this, I venture to assert that, at the

present stage of our knowledge, crude fancies and vague hypotheses,

founded on a few imperfectly observed facts, can do nothing but

cumber the ground and impede the progress of students. Xo ob-

servation on any point of real difficulty is of the slightest value

unless it be substantiated by careful study with the microscope.

Closely akin to this is another difficulty, that the evidence cannot

be presented ad populum. "What is seen with the microscope

depends not only upon the instrument and the rock-section, but

also upon the brain behind the eye of the observer. Each of us

looks at a section with the accumulated experience of his past

study. Hence the veteran cannot make the novice see with his

eyes ; so that what carries conviction to the one may make no appeal

to the other. This fact does not always seem to be sufficiently

recognized by geologists at large. In similar palaeontological ques-

tions, such as the structure of plants or of protozoans, I have
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observed that the opinion of one who is known to have devoted some
years to the study is considered to outweigh that of one who has
given DO proofs of competency ; while I have seen in petrology, again

and again, statements commanding attention, and even printed in

scientific journals, which I knew not only to be unproved, but also,

unless the work of years had been wasted, to be extremely difficult

to prove.

There is yet another impediment to progress, quite opposite to,

and much more laudable than, the last. It is that the recognition

of the great difficulties of the subject causes some students to despair

of arriving at the truth, and leads them to adopt what I may call

an agnostic position. J^ow I believe that by so doing no progress

ever has been or ever will be made in science. If caught in a

scientific " slough of despond," you will never get out by merely
wallowing about aimlessly. Assume that there is a way out ; try

in turn each that seems most probable, and probably one will be
found. I am well aware that there are a vast number of questions

in petrology which are not yet settled—not a few, perhaps, never
will be settled in our lifetime ; but I maintain that progress is most
likely to be made by endeavouring to frame a working hypothesis,

if only the observer be strictly honest in recording not only the

facts which are favourable to it, but also those which appear to be
hostile. May I then be allowed, before proceeding further, to lay

down two principles which occasionally seem to be forgotten by some
earnest workers ?

{a) The first is that aU observations which are on record are not

of equal value. This depends, as I have said, partly on the qualifi-

cations of the observer, partly on the perfection of his appliances.

For example, there are some difficult points in petrology in regard

to which I should attach hardly any weight to the evidence of even

one of our most honoured workers in " premicroscopic " days, because

I know, from my own experience, that the question is one where
the unaided eye cannot help us to a decision.

(5) That one "positive" observation outweighs a large number
of " negative," the latter word being used in the sense of " leading

to no definite conclusion." Let me illustrate this by an example.

Suppose I wanted to ascertain whether an igneous rock were inter-

bedded with or intrusive among certain sedimentary strata, and

that twelve sections were to be found. Suppose that in eleven of

these the appearances were not inconsistent with either interpre-

tation, but that at the twelfth the evidence could only lead to one

of the two views. Clearly the absence of conclusive evidence in the

eleven cases would not affect the value of the evidence in the

twelfth.

The rules, in short, of ordinary reasoning—and this remark has a

wider application than to the case which I have just mentioned—hold

in every branch of science, and in no one is it more needful to bear

them in mind than in geology, where direct experiment (as in

chemistry and physics) is so often impossible, and where we can

never attain to more than a degree of moral certainty.
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With these preliminary remarks, for which I trust I may bo par-

doned, as they are the outcome of an experience gained during some
eight years in your service and some fourteen in petrological work,

I turn to the special subject which I intend to discuss briefly to-day

—the classification and structures of the igneous rocks.

By an igneous rock I mean, of course, one which has been in a

state of fusion through heat. This fusion, however, differs from
that which has been undergone by most rocks artificially produced,

such as slags, because it has always taken place in the presence of

water ; and further, the material has often solidified, and even crys-

tallized, not only without the expulsion of, at any rate, all the

water, but also under considerable pressure. Probably the nearest

approach to solidification under conditions similar to that of a slag

is given in the case of lavas, immense volumes of steam being

generally disengaged from the flows as they are emitted from a

volcano. I draw attention to this at the outset, because I think it

possible that it may prove to be a matter of primary importance in

certain of our investigations.

"We ought, however, before proceeding further, to glance at two
objections which might be started ioi limine.

(1) That no classification is possible, because nature has not

made distinctions ; she is too protean to be bound by our fetters.

(2) That it is impossible to draw a hard and fast line between
igneous and sedimentary rocks, because the former are frequently

only the result of metamorphosis of the latter carried to an extreme

degree, so that the one series passes gradually into the other.

As regards the former of these objections, we may remark that

on the assumption that igneous rocks have solidified from a state of

fusion (whether part of the original magma of the earth or stratified

rocks subsequently melted), we should anticipate difficulties in classi-

fication, and not expect to find very sharply defined lines of separa-

tion in either chemical or mineral composition. This difficulty,

however, is not confined to petrology ; the biologist, for instance, is

not deterred by the admitted difficulty of distinguishing a species

from a variety, or of deciding whether species have an independent

origin. Hence, for all practical purposes, species exist alike for the

most thorough-going evolutionist and the most confirmed believer in

special creations. Classification is a necessity if progress is to be

made ; distinction of things is needed for distinction of thought ; and
over this difficulty we need not linger, for we shall find that, prac-

tically, although intermediate forms may exist, the majority of rocks

can be grouped around certain types.

The second objection may receive a like answer ; and I may add

further, that if we agree upon certain characteristics as denoting an

igneous rock, the antecedent history of the rock (for our special

purpose) becomes immaterial. For instance, I can think of a piece

of glass as an (artificial) igneous rock, even though I may have
formerly seen a crucible full of the material from which it has been

made.
There are, moreover, as it appears to me, two rather considerable
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difficulties of a general character in this supposition of the derivative

character, as I may term it, of igneous rocks*. The one, that

chemically and even mineralogically there is a remarkable identity

between igneous rocks of the most diverse geological ages. This,

however, I content myself with mentioning, because I can more
conveniently enlarge upon it at a later period. The other, that the
chemical composition of the bulk of sedimentary and of igneous
rocks is too diverse" to admit of the hypothesis of derivation being
generally true. It is possible, I allow, to find certain sedimentary
rocks which chemically are nearly identical with certain igneous

;

but to do this we must select exceptional cases in the one to

compare with general instances in the other,—the most marked
difference being in the percentage of the alkaline constituents, which
leads, as is well known, to the presence of such silicates as stauro-

lite, andalusite, cyanite, and alumina-garnet, in indubitably metamor-
phosed sedimentary rocks, instead of some members of the felspar

group. Further, the argument of chemical identity holds only

among the more acid of the igneous rocks ; among the sedimentary

it would not be easy to find representatives of the dolerites and
basalts, rocks extremely abundant in nature, and almost hopeless

to parallel the peridotites, which in one form or another are by no
means rare. I glance only at the corroborative evidence of meteorites,

because I intend on the present occasion to limit my remarks to

rocks of terrestrial origin, though I am quite aware that any system

of classification for the latter must be extended to the former.

The tendency to a definite order of succession among the igneous

rocks which has been remarked by many observers, appears to me
more favourable to the idea of these rocks being integral portions

of the inner part of the earth, than to their being the result of the

local melting-down of sedimentary strata. This subject is so full of

interest that I would gladly have discussed it, but the difficulties

still inherent in it, and the collateral disquisitions into which it

would lead, prevent me on the present occasion. T do not, indeed,

think that we can accept subdivisions so elaborate as those proposed

by Eichthofen, and used by Duttonf in his ingenious explanation of

the apparent anomaly of basalt, an easily fusible rock, being com-

monly later in date than rhyolite in a series of eruptions ; but

undoubtedly we do so frequently find this general order—andesites,

sanidine-trachytes (probably these two will often be intermixed),

rhyolites, and basalt, and observe gabbro cutting peridotites—that

these sequences can hardly be accidental. It may suffice, then, to

call attention to Captain Button's valuable dissertation and to two
papers by Mr. Teall (which appeared just after the reading of this

address) wherein this subject is discussed more fullyj.

* The frequent occurrence of sharply defined junctions between igneous and
sedimentary rocks of various kinds, and of fragments of all sorts of rocks in

the former with boundaries no less sharply defined, is to me also a very strong

argument against the " melting down " hypothesis.

t Geology of the High Plateau of Utah, ch. iii.

I Geol. Mag. Dec. 3. vol. ii. p. 106. Nature, vol. xxxi. p. 444.
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Further, the asserted passages between igneous and sedimentary

rocks rest at present on evidence which, I have already stated, we are

justified in putting out of court. They require confirmation, and
we know that many instances, once confidently asserted, have

broken down on strict examination*. Indeed, I may venture to

assert that, so far as my experience goes, the diflBciiltics at present

existing either are due to obliteration of the original structure by
subsequent mechanical or mineral change, or occur among the very

earliest rocks of which we are cognizant ; the latter are not only

likely to have undergone such changes, but also may have been

formed under circumstances which have never recurred in the

history of the earth. These, for the present, I put on one side,

hoping on a future occasion to return to them, and limit myself to

the great body of rocks which all admit to have solidified from a

state of fusion, and to those which (although field-evidence may be

wanting) we may reasonably believe, through their close structural

correspondence, to have been so formed.

So much controversy, however, has existed as to the origin of

granite, that I shall venture a few additional remarks on this subject.

To me it appears to a very large extent a dispute about the two
sides of a shield. On the one hand, the phenomena exhibited b}'

granite masses intrusive into other rocks, {. e. sharply defined junctions,

contact-metamorphism, the sending off of dykes and veins which
gradually assume the structure of normal felsites, perhaps even of

rhyelites, justify us in asserting that granite cannot be separated

from the other plutonic rocks such as syenite, diorite, and gabbro.

At the same time it is true that there are abnormalities incom-
patible (so far as we know) with the idea of dry fusion, and that

water is actually present in numerous minute cavities ; but the same
is true in some of the rocks above named. Further, I do not

suppose that any geologist at the present day would assert that

perfectly dry fusion is a common thing in nature, if, indeed, it ever

exists. Clouds of steam are discharged from the craters of volcanoes

and the surfaces of lava streams as they flow. The latter by parting

thus with their water will cool in a manner more analogous to that

of a furnace-product ; had the same material solidified deep in the

earth, a large portion of the water at any rate would not have been

* With regard to the alleged transitions from igneous to sedimentarj'

rocks, Dr. Wadsworth, in his recent ' Litbological Studies ' (a copy of Tvhich

through the author's kindness reached me after the greater part of this address

was written), uses language which, though severe, is not unjustifiable (p. ]2).

After dwelling on the numerous cases where the asserted evidence of transition

has proved to be either negative or exactly opposed to the hypothesis, be con-

tinues :
—" Practically, when the existence of these junctions has been shown, the

observers who had previously denied their evidence have always said, ' That is

not a typical locality ; we were not quite sure about that place, but if you will

go to such and such a locality,' indicating some new one, ' yovi will find an un-
doubted passage of sedimentary rock into eruptive forms.' When the new
locality is also examined and the statements are found to be erroneous, another
one is mentioned, and so on ; imtil one must demand hereafter of these observers

that they shall select some locality on which they shall be willing to fully and
finally stake their pet hypothesis, and abide by the evidence,"
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disengaged, and thus crystallization, and previous fusion (if the rock

has not always been molten) have taken place in the presence of

water. Thus the controversy is either illogical, if restricted to

granite, or merely a verbal one, if extended to other plutonic rocks.

But some will assert that granite may justifiably be considered

alone, because many cases exist in which a perfect passage can be
traced from normal granite into normal gneiss. As regards this

assertion, I repeat the remark already made, that these cases are

less numerous than is supposed. I have examined a good many
asserted cases of transitions from igneous to sedimentary rocks, and
found that, as a rule, the distinction between the two rocks was well

marked, and that the generalization was the result either of precon-

ceived theory or of too hasty observation ; further, that precisely

similar difficulties exist with syenite and diorite, though the cases

are less numerous, as the rocks seem not quite so common ; lastly,

that those cases which appear to favour the theory occur only in

the case of rocks which there is good reason to believe are among
the most ancient yet discovered. These, as I have said, I lay aside

for the present. Eut in the case of the Palaeozoic and later rocks

it is only rarely, and under circumstances suggesting subsequent

obliteration of the characteristic structure, that I see a difficulty in

distinguishing between rocks of igneous and of non-igneous origin.

I shall not then dwell further on the question of the origin of an
igneous rock, but I shall use the term to signify one that has solidi-

fied from a state of fusion, due to the existence of an elevated

temperature, whether we might call this dry fusion or not.

Further, in my classification, I shall draw no line of demarcation

between igneous rocks of Tertiary and Post-Tertiary age and those of

earlier date ; the reasons for this I defer, and think myself justified

in so doing, because it is one which logically would not arise in any
independent study of petrology, but would be imported into it as

the result of conclusions arrived at from other considerations not

entering into my classification.

Theoretically, and probably also in practice, there are at least

two well-marked physical conditions in which any rock of a definite

chemical composition may occur, the hyaline and the holocrystalline.

Is there an intermediate condition wherein the rock, though no

longer vitreous, though exhibiting some differentiation of consti-

tuents, has not attained such complete individualization as to justify

the use of the term holocrystalline ? I do not allude to the interpo-

sition in the glass of a great number of microliths of individualized

minerals, although this may offer obvious practical difficulties, nor do

I refer to the size of the crystals making up the holocrystalline rock.

I should deem the latter epithet properly applied, whether the cha-

racter was readily observed with the unaided eye, or could only be

seen under the microscope; but I speak of cases in which the

material appears to have lost the usual property of a colloid, to have

acquired, around innumerable centres, polarities in one or more

directions, without its being possible to distinguish with precision

what are the minerals into which it has segregated ; where, in fact,
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phenomena akin to those of tension or compression appear to have

been permanently impressed upon the mass, only in a vast number
of directions. This question also can best be considered in a separate

excursus. Suffice it to say that, in the present state of our know-
ledge, it appears to me convenient to admit the existence of an inter-

mediate division, to contain the rocks often called " cryptocrystalline"

with some of the " microcrystalline,"' whatever may be the ultimate

fate of the division. We will therefore assume that we may expect

to find an igneous rock in either a holocrystalline, a hemicrystalline,

or a hyaline condition, admitting that the middle term is perhaps

rather incorrect as a symbol of facts and temporary in its existence.

The relative size of the constituents in rocks, and their arrange-

ments—such structures in short as are designated by terms such as

porphyritic. spherulitic, fluidal—1 shall at present regard as only

varietal.

There is, however, one question of principle in nomenclature to

which I must briefly advert. It is whether we should indicate

distinctions of minor weight by conferring separate names, or by
the use of qualifying adjectives—that it is to say, whether in our

nomenclature we should direct the mind chiefly to specific or generic

differences. The former is the habit in mineralogy, and it is in

favour with some petrologists. While fully sensible of its advantage

in conciseness, I believe it open to grave objection. Some questions

of nomenclature, those, for instance, of priority, are of little value.

It is comparatively unimportant, subject only to considerations of

euphony and orthoepy, what we call a rock, so long as the name
expresses as definitive an idea as the circumstances of the case

permit ; but it is a matter of great moment whether our nomenclature

suggests or obscures relationships which exist in nature. Distinction

is, indeed, necessaryfor clearness of thought, and is requisite as a first

step in scientific comparison ; but it is by comparison and recognition

of relationships that all great advances in morphology and in philo-

sophic reasoning are likely to be made ; and it is, methinks, a matter

of no small importance to kee]? clearly in view, in any system of

nomenclature, the underlying affinities rather than the superficial

dissimilarities.

Our nomenclature in petrology suffers in some parts, as I shall

presently indicate, from a plethora, in others from a defect of names.

A further • difficulty exists in that there are not a few names which
have been so vaguely and variously used, that it seems hopeless

ever to render their meaning fixed or precise ; these it would be

better, in my opinion, to leave as admittedly vague terms, indica-

tive of imperfect knowledge. So applied, they become valuable.

Petrology needs what I may call •' travellers' terms," to be employed

as a naturalist would use trivial or generic names, when he either

had failed in getting a good view of a creature or had not yet worked
out the characteristics of a specimen. In this sense such terms as

felstone, greenstone, even trap, are valuable. Aphanite, however, is

not so good as compact greenstone, unless we can agree upon a

perfectly definite meaning for it; and the same objection applies to
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melaphyre, which, however, would be useful if admittedly left vague.

Porphyry is admissible as a vague term, but objectionable in any
system of classification, because of its diversity of applications in the

past. Elvanite is a term wholly bad, because it suggests inaccurate

ideas, by affixing a Cornish miner's trivial name, used even in that

county in a very inclusive sense, to a rock which is world-wide in its

distribution. Plutonic and volcanic also, though useful for rough
divisional purposes and as general expressions, cannot for obvious

reasons be used for exact classification. I mention these as examples,

the list not being intended to be exhaustive.

As already intimated, I should not regard the conspicuous presence

in a rock, whether crystalline or vitreous, of one or more minerals

in crystals larger than others as justifying the use of anything
more than an adjective ; hence in dropping the term porphyry from
our classification, I should continue to use the epithet porphyritic

(notwithstanding obvious etymological objections) ; neither should I

signalize the presence of macroscopic cavities, whether large or small,

except by an epithet, or by the employment of a trivial name for

general purposes of description.

If the above premises be admitted, it is evident that our system of

classification must, so far as regards the igneous rocks (previously

limited by definition), rest upon chemistry*. To a very large extent

it will be also mineralogical ; but we must not say wholly minera-

logical, because that science will not enable us to determine the exact

position of a hyaline rock, and, if alone regarded, may induce us to

pay too much regard to minerals which can be shown to be the

result of secondary actions after the first consolidation of the rock.

Igneous rocks, we must remember, like any others, are- liable to

metamorphism ; and we should try, as far as possible, to separate in

our classification the latter from those which are comparatively

unchanged. Now it is well known that, cceteris paribus^ the more
basic a rock the more readily it assumes a holocrystalline condition.

Natural glasses are rare and limited in extent among the basic rocks,

are comparatively common and well developed among the more
acid, and probably are largely represented among ancient rocks,

which, strictly speaking, cannot now be called vitreous.

Marked chemical and marked mineralogical differences should,

then, be recognized primarily in any system of nomenclature. On
the whole I am disposed to attach more weight to the former than

to the latter, because sometimes a marked mineralogical difi'erence,

for example the substitution of hornblende for augite, may be the

result of subsequent change, which, however, it may be difficult to

substantiate. Of course, when such changes can be proved to have

occurred, the rock should be removed from the category of normal

igneous, to that of metamorphic igneous.

* In reality, of course, otir classification deals with the aggregate history of

the rock, its ontology as well as its morphology, if the phrases be permitted,

because our limitation iu using the epithet igneous, presumes an investigation

into its relations with other rocks, an investigation into its 'petrology as well as

into its lithology.
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Our uomcnclature, then, after the recognitiou of these essential

distinctions, must further acknowledge the more accidental, viz.,

the physical condition of the rock, whether hyaline or not, the re-

lation of its constituents, and the like. Many of these secondary

distinctions I should prefer to indicate by adjectival affixes, reserving

differences of names for marked differences in chemical constitution,

and, after that, of crystalline condition. The latter, I grant, refers

rather to a difference of environment than to a difference in essence ;

a holocrystalline, a hemicrystalliue, and a hyaline rock of the same
chemical composition have quite as near a relation one to another

as the larva, pu]3a, and imago of an insect ; but the marked
difference in aspect and structure justify us, I think, in a nominal

separation. The presence of an adventitious mineral not materially

affecting the chemical composition, peculiarities of structure or the

Uke, should, I think, be indicated by epithets.

The number of minerals, as is well known, which enter into the

composition of igneous rocks frequently enough to entitle them to be

called " rock-forming," is but small ; for convenience they may be

grouped as follows*.

I. Oxides of Iron, S)~c.

Magnetite, haematite, ilmenite, chromite (with spinel).

II. Magnesia-iron Silicates.

Olivine, enstatite (with hypersthene), augite and hornblende,

biotite.

III. Alumina-alkaline Silicates.

Felspars (with nepheline and leucite), muscovite.

lY. Free Silica.

Quartz.

From this list such minerals as apatite, zircon, titanite, sodalite.

nosean, are omitted, though occasionally some of them may be re-

garded as rock-constituents, because they do not appear to have any

very important classificatory significance, and some are generally

associated with certain of the above named. Garnet also is ex-

cluded, though occasionally an important rock-constituent, because,

as it seems to me, we are not yet in a position to deal with it. If

an original constituent, and not an accidental one, due in some way
or other to contact-effects, I am disposed to regard it as a member
of No. III.

The igneous rocks, then, as it appears to me, fall naturally into

the following grouping, commencing with the most basic and using

the existing nomenclature as far as possible.

The Peridotite group consists of olivine with some members of I.

and commonly some representatives of II. Its simplest holocrys-

talline representative is dunite, essentially olivine and chromite.

(I should apply the name to the rock whatever representative of

Group I. were present.) The next marked variety is given by the

* I follow very nearly the classification proposed by Eosenbusch.



68 PROCEEDrN"GS OE THE GEOLOGICAL SOCIETY.

addition of an enstatitic mineral *. For this Dr. Wadsworth. proposes

the name saxonite t. Another marked variety adds angite or horn-

blende; to this we may aj^ply the term IJierzolite t, though hitherto

it has heen limited to one containing an augitic mineral, because

I think that here the substitution of hornblende has no important

significance. This group, then, consists of rocks containing little or

no alkaline constituent, little hme or alumina, the last named often

occuiTing in very small quantities, a considerable proportion of iron-

oxide, and magnesia and silica in nearly equal proportions, the former

generally shghtly exceeding the latter, and each not far from 40
per cent. Hemicrystalline and vitreous representatives of these

rocks are extremely rare. I have never met with one of either in

my own experience, though I should expect them to occur. Thus
no names have heen proposed for them. They are largely repre-

sented in past time by the true serpentines §, their metamorphic
representatives, into which they pass by insensible gradations

;

among these, I have suspected, though I cannot prove it, the

presence of glassy representatives, which, however, are rare and

local.

The Picrite group may be regarded as a transitional one, formed

by the introduction of a small and variable amount of felspar, such

as auorthite or labradorite ; the amount of olivine is diminished

:

enstatite and a pyroxenic mineral, with biotite, become important

constituents. The chemical composition, as might be expected, is

variable, but the percentage of silica is slightly greater than in the

last group, though generally not more than 45. Magnesia, though

still one of the two dominant constituents, is present in an amount
distinctly less than the silica, commonly from about 17 to 27 per

cent. Alumina is always present, sometimes in considerable

quantities, with alkaline constituents ; but chrome and nickel, which

are generally detected in the normal peridotites, are now often

absent. These rocks, so far as we at present know, are generally

ancient, and often more or less altered
|{ ; but I think the name

* I will use this term for breyity to include either enstatite, bronzite, or

hypersthene. minerals very closely related, if not Tarieties of one species.
"
t Litliological Studies, pp. 84, 193.

t Dr. WadsTvorth proposes {loc. cit. p. 193) to limit the term Iherzolife to

the variety with diallage, and call that with augite bvxhnerite, applying to a

variety wilh diallage and without enstatite the name ev.lysife. I doubt, how-

ever, the possibility of separating the first and second. Eidysite also has

hitherto been apphed to a garnet-bearing peridotic rock.

§ I am, of course, well aware that this statement has been disputed, but

have more than once given my reasons for it, so need not repeat them. On
the principles of reasoning which I have endeavoured to establish above, I am
unable to understand how the derivation of a true serpentine, i. e. that of which

the Lizard serpentine is a type, from a peridotite, or the igneous nature of the

latter rock can be doubted.

II
The serpentinous rock of Duporth (Cornwall), for which the name Dupor-

thite has been needlessly proposed, appears to be a member of the picrite

group. Many of the picrites certainly hang on very closely to the dolerite

o-roup (described hereafter), and can be seen to graduate into representatives

of it.
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jpicrite preferable to that of iKditiopicrite^ which has been given

by many authors. To this group probably the eulysites of some

authors (garnet-bearing peridotites) should be referred, and lim-

huryite would represent the hyaline form. I am not aware that a

hemicrystalline form has been recognized, certainly it has not been

named.
As subgroups or intermediaries between this last group and the

next great one, we may regard the norites or liyperites, composed
ehieliy of a plagioclase felspar (anorthite or labradorite), with an

eustatitic mineral and perhaps a pyroxenic ; the corsites, anorthite

hornblende rocks (perhaps we might use eucrite for the anorthite

augite) ; and the trohtolites, containing the same felspar with olivine

and but little of a pyroxenic mineral. It is perhaps well to retain these

names, but it must be remembered that they have hardly a generic

value. It may here be worth while to call attention to the fact

that many of the so-called hypersthene rocks, e. g, the gabbros of

Skye, and of Carrock Fell (Cumberland), either do not contain hyper-

sthene, or have it only as a very rare accessory, while in others

it is not more conspicuous than a pyroxenic constituent, so that

there is no vahd reason for calling them more than hypersthene

(or enstatite) dolerites or gabbros.

We come then next in order to a most important group, that

which contains, as constituents, a plagioclase felspar, commonly
labradorite, a pyroxenic constituent, usually augite (or occasionally

diallage), and often olivine *. To this group many names have

been given, and various subdivisions of it have been proposed. Some
authors extend it so far as to include rocks in which either nepheline

or leucite replace the felspar, calling them respectively nepheline-

dolerites, &c., or leucite-dolerites, &c. ; some distinguish those in

which olivine is present from those from which it is absent. Por
myself, while fully admitting the relationship of each of the former

pair to the normal dolerites, and the frequent existence of interme-

diate forms, I think that the marked chemical differences (in the

large percentage of alkalies) justify us in separating them from the

felspar-dolerite and in retaining the old names, nej^lielinite and
leucitite. Some, again, using geological age as a distinction, apply

the name diabase to a rock if it is Pre-Tertiary, and dolerite^ if of

later age ; this, of course I could not accept, but should propose to

give the former name to dolerite in which marked alteration, sub-

sequent to the original consolidation, has taken place. Others,

again, apply the name gabhro to coarse-grained varieties in which
the pyroxenic mineral is wholly or chiefly diallage. There is much
convenience in the use of this term for a variety often so well marked
in the field ; but there is at present doubt as to the classificatory

value of diallage, some authors of great weight regarding it as

really an altered condition of augite. Provisionally, however, we
may retain it, remembering that it may be logically indefensible. As,

* I shall, for breyity, not again refer to the presence of a member of

Division I., because some oxide of iron, magnetite, haematite, or ilmenite is to be

found in every rock, though usually more abundantly in the more basic.

VOL. XLI. Jl
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however, many gabbros haye undergone much alteration, the felspar

being changed into a sanssuritic mineral, the diallage into some
form of hornblende, it would be well to restrict the term euphotide

to these. Again some authors nge the terms dolerite, anamesite, and
basalt for rocks which, chemically identical, and all holocrystalline,

differ in the coarseness or fineness of their grains, so that the last

term is applied to a rock which either may be holocrystalline or

may retain a glassy base. It would be convenient, then, to restrict

the term dolerite to the holocrystalline variety, using the epithet

coarse-grained or fine-grained as the case ma} be : to apply the name
anamesite to the hemicrystalline varieties (very few and local, I

suspect) ; and to include in the term basalt all that retain a glassv

base, i. e. the magma-basalts and glass-basalts of some authors.

It may be found convenient to use the name magma-basalt (as does

Bofick<) for those in the base of which the felspar remains unindi-

vidualized. The name tacliyhjte has been applied (as is well known)
to varieties where almost the whole material remains in the form of

glass, and the term may be conveniently retained, if we remember
that it is only a marked variety of the glass-basalt division.

Two rather limited groups of uncertain position come next in

order, the phonolites and the teplirites. The former group is essen-

tially characterized by the presence of nepheline and of felspar,

which is commonly, in part at least, orthoclase, the latter by leucite

and felspar (more commonly plagioclase) ; but there are several

accessories and many varieties, as may be seen from an examination

of Bofickv's divisions of the former group alone. It also is one

whose nomenclature is in great confusion. Among the older mem-
bers we have zirkon -syenite, eleeolite-syenite, nepheline-syenite,

foyaite, ditroite, miascite, while the one term phonolite covers

all varieties, whether holocrystalline or not, among the more modern.

The group being, to a large extent, a transitional one, differing

from that last in order by a higher percentage of silica and of

alkalies, and a lower percentage of lime and magnesia, we can

hardly hope to secure very marked type-forms ; but ]3erhaps the name
foyaite might suffice as a specific term for the holocrystalline

varieties ; while in the case where the characteristic mineral is very

distinctly the variety elseolite rather than nepheline (which does not

appear to be the case with all foyaites), we might prefix the term

elseolite. We should thus have as varieties elaeolite-foyaite, nosean-

foyaite, &c. It will, however, be a subject for consideration

whether it may not be desirable, after the analogy of the groups

which follow, to divide those in which a plagioclase felspar pre-

dominates, from those in which the felspar is chiefly orthoclase

;

but as my opportunities of studying this group have been rather

limited, I will not venture an opinion on this point. Of the

tephrite group 1 must speak yet more guardedly; for although I

possess specimens, I have not had the opportunity of paying much
attention to the rock. The name, however, is convenient to denote

plagioclase-leucite rocks, and should be applied to rocks in which the

former mineral predominates, and the percentage of silica is higher
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than in the leucitite group and the forms intermediate between it

and the doierite group. An examination of a table of the chemical

composition of minerals shows that with a high percentage of alumina

compared with the silica, we shall obtain anorthite in rocks rich in

lime and poor in alkalies ; labradorite with a lower percentage of

lime, and a moderate proportion of alkalies (chio% soda) ; nepheline

with a higher percentage of alkalies, soda still predominating ; and
leucite with an exceptionally high percentage of potash.

The next two groups contain a higher proportion of silica,

rarely less and often more than 60 per cent. Normally they may
be defined as felspar with hornblende, though in certain divisions

augite more commonly replaces the latter; biotite is not unfrequent,

sometimes dominant over the pyroxenic mineral; at times hyper-
sthene is an important accessory, taking the place of the unisilicate

olivine among the (more basic) dolerites. Although transitional forms

may be found between these groups, it is convenient to designate

the more typical representatives by different names ; thus the ortho-

clase-hornblende group may be called, after the holocrj^stalline

form, the syenites, the plagioclase-hornblende group, the diorites.

Hemicrystalline and glassy forms of both are common, but it is by
no means easy, especiall)' in the case of the latter, to separate them
without chemical analysis, though the character of any individua-

lized felspar crystals is often a great help. I may remark, however,

that not a few of the so-called hemicrystalline forms are in reality

holocrystalline, though very fine-grained, and others can almost be
proved to have assumed a hemicrystalline structure by secondary

processes, so that in reality they should be placed in the meta-
morphic division ; but leaving that distinction to await the results

of further study, we may recognize the following divisions of

the syenite group :—holocrystalline ; orthoclase -f- hornblende =
syenite; if mica replaces the hornblende wholly or to a marked
extent, mica-syenite', if augite— augite-syenite. To the last rock, by
no means a typical member of the group, as it contains much plagio-

clase felspar, the name nionzonite has been given. The hemi-

crystalline division contains a considerable number of the rocks

macroscopically grouped as felstones. By many authors they are

called orthoclase-porphyries ; but the name porphyry, as I have

stated, being objectionable, and a binary term for a group being

awkward, I should prefer to call them felsites. Then those in

which orthoclase or any other mineral was conspicuously present

might be called orthoclase-felsites, hornblende-felsites, mica-felsites,

or the like. Hyaline forms are now becoming abundant, though

commonly the glassy base contains a large number of individualized

minerals. These are generally named sanidine-tracliytes ; but as

the term trachyte is used like felstone for grouping in the field, its

use in this more limited and strictly definite sense is objectionable,

and, as before, the compound term is awkward. It is no part of my
present purpose to attempt to coin new names, so I content myself

with expressing a hope in this and like cases that a geological

congress will some day invent and authorize one ; till then I must
h2
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continue to use that which exists, though under protest. Wholly
glassy forms doubtless exist, though prohahly not very abundantly

;

but it is sometimes difficult to distinguish these among the pitch-

stones and obsidians, of which the majority belong to rocks with,

a higher percentage of silica.

In the diorite group a considerable portion of the plagioclase

felspar belongs to one of those which contain a higher proportion of

silica than labradorite, though that felspar is often present, and some
distinguish a subgroup the lahrador-diorites. In this case, however,
much, care will be needed to see that we are not really dealing with
a member of the dolerite group, where the augite, by paramorphic or

other change, has been altered into hornblende. As in the case of

the syenites, we have, then, in the holocrystalline division, diorite.

mica-diorite, and augite-diorite, the last being of rare occurrence. For
the hemicrystalline division there seems to be a general concurrence

in favour of adopting the term porpliyrite, which we can subdivide as

in the case of felsite ; and for the hyaline we have the term andesite,

which, division is separable into the hornhlende-andesites and the

augite-andesites, the latter mineral occurring more frequently

is these than in the porphyrites. In these, and especially in the

latter, hypersthene has recently been frequently detected in con-

siderable quantities, so that its presence requires to be noted by a

prefix. Mica is not unfrequent. It is evident that the augite-

andesites form a link with the basalts, and the hyperstheniferous

augite-andesites approach the norites ; to one or the other many of

the rocks called melaphyres really belong. AYhoUy glassy forms no
doubt exist, as in the last group.

As a small outlying group from the syenites we have the minettes,

which may be regarded as extreme forms of the mica-syenites, being

composed chiefly of orthoclase and mica (commonly biotite), and the

kersantites, extreme forms of the mica-diorites. Of both groups

hemicrystalline forms, as well as those with a glassy base, exist; but

distinctive names have not generally been assigned to them. As a

rule, they contain a slightly lower percentage of silica than the

normal syenites and diorites. They occur also, so far as I know, in

masses of very limited extent, mostly dykes and veins, and are

commonly, though not universally, of Pre-Mesozoic age.

We arrive now at the concluding pair of groups, which dijffer

from the last described in these respects :—quartz is present as an

essential constituent, and not as an accessory ; in the orthoclase

group mica is much more common than hornblende; and mus-
covite, or a light-coloured mica of some kind, which has hitherto

been rare even as an accessory, becomes sometimes an important

constituent. As before, transitional forms between the two groups

exist, and probably a plagioclase felspar is never whoUy absent

from the orthoclase group. That, however, may be defined, when
holocrystalline, as essentially consisting of quartz -j- orthoclase+ mica,

and is the familiar granite. Some have proposed to restrict this

name to those varieties where the mica is muscovite, and to call

those with biotite by the name granitite ; the na^jiie pegmatite is
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useful for varieties exceedingly poor in muscovite. At present we
are obliged to designate the hemicrystalline members quartz-

porphyry or quartz-felsite (I would call these elvanite, were not

the name so radically bad, or eurite, had not that term, in sym-
pathy with its etymology, been used vaguely) ; here also we wait

for a name*. Hyaline forms, as might be expected, are more
common than ever ; those in which individualized constituents

(commonly microlithic felspars) abound are called indifferently

quartz- trachytes, liparites, and rhyolites, though the last term is

generally applied to more compact and so less rough (or less

trachytic) varieties. The first term is open to the objection already

stated ; the second to this, that the rock abounds at many places

besides the Lipari Islands ; while the third perhaps indicates too

distinctly the appearance of having once flowed. If, however,

it were agreed to use trachytic as an adjective, and call trachytic

rhyolites the rocks usually named quartz-trachytes, the difficulty

would to some extent be avoided. At present the most glassy

members of this and the next group receive the names of pitch-

stone and obsidian, the former name being applied to rocks

with a resinous lustre, due probably to individualization of ex-

tremely minute microliths, and the latter to the most perfect

glasses, which also have a more distinct conchoidal fracture, that of

the pitchstones often being splintery.

In the second group the name quartz-diorite is commonly applied

to the holocrystalline members, which may be defined as quartz+
plagioclase+ hornblende (biotite being here decidedly less common
than in the other) ; but I think the name tonalite greatly preferable,

for as this rock appears to be far less common than granite, it may
be allowable to use the name of a locality where it occurs in a huge
and very typical mass. For marked varieties we should have the

names mica-tonalite and augite-tonalite, the latter probably being

very rare. Por the hemicrystalline division we have at present no
other name than quartz-porphyrite ; but for the hyaline division,

corresponding with the quartz-trachytes, we have fortunately the

name dacife. Of the most glassy varieties I have already spoken.

It may be remarked that free quartz appears to be less common
with the plagioclase felspars than with orthoclase, perhaps because

albite contains a higher percentage of silica than orthoclase.

Extremely glassy forms also may prove to be rarer in this case,

because, as I am informed, a soda-glass is more liable to set up
crystallization than a potash-glass.

From the above remarks it will appear, not only that our nomen-
clature is at present in much confusion, due in part to the want of

any definite principles, but also that the inherent difficulties are

considerable, owing to the existence of transitional forms. At the

same time I believe that there is sufficient predominance of what I

* Granophyre has been proposed by some distinguished German authors

;

but this term has been used in more than one sense. In fact, as will appear
from the latter part of this address, I believe the subgroup will have to be
rearranged, because its structure is often of secondary origin.
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may call type-forms to justify us in the assumptioii of the existence

of species for purposes of classification, and I tmst that I have

indicated a natoral and logical principle on which to proceed. The
relations, then, of the groups may be expressed graphically in the

annexed diagram.

In the above sketch of what appears to me a natural system of

classification, I take no notice, as above stated, of the geological age

of the rock, which is regarded as of primary importance by many
continental investigators, who consider Pre-Tertiary igneous rocks

always separable from those of later date. For this distinction I
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have never been able to find any solid ground, and will briefly indi-

cate the reasons why I venture to dissent from several eminent

authorities. At the outset, we naturally feel some surprise that the

commencement of the Tertiary period should coincide with so

marked an epoch of change in the history of petrology, so that the

igneous rocks, like the mammalia, should be en pleine evolution after

the close of the Secondary period. But we may further ask, Was
there any long pause, any universally definable limit, between the

two periods ? Did the curtain fall for an interval between two acts

of the drama of life played on the world's stage? Granted that

Tertiary can be sharply defined from Secondary in Britain, or even in

parts of Europe, can that line be drawn everywhere ? Palocontolo-

gists, geologists in general, will, I think, accord in returning us a

negative answer. Still, admitting the impossibility of adopting any

very hard and fast line, there is yet a possibility that a certain

" evolution " may exist among the inorganic products of the earth,

and that the older may be distinguishable from the newer rocks.

Let us then inquire how far this idea is in accordance with facts.

The older rocks, of course, are more likely to have undergone

mineral changes during the vicissitudes of their longer history. The
less stable minerals will have disappeared, and their constituents will

be represented in more stable forms. Olivine will have been changed

into serpentine and iron peroxide : augite and diallage into some

form of hornblende, or all these will have been replaced by viridite

or chloritic minerals : felspars will have been replaced by zeolites or

other alteration-products ; their materials may have been employed in

the composition of tourmaline and epidote, and the like. If the rock

has had a glassy matrix, this may have been devitrified. In short,

an ancient rock, like a living creature, can hardly fail to exhibit

signs of old age. Thus we naturally expect to find such rocks as

serpentine and diabase among the older formations, and should

hardly expect that a Pre-Cambrian or an Ordovician lava would b«

absolutely identical with one emitted during the latest geological

epoch. Fiirther, as we hold that the more coarsely crystalline rocks,

especially when members of the more acid division, have solidified

beneath the pressure of superincumbent rock-masses, we should

expect such rocks as granite to be usually of ancient date, not be-

cause a modern granite may not exist underground, but because it has

not yet been exposed to view by denudation. It must, however, be

remembered that there seems no reason to doubt the Tertiary age of

some of the granite of the Inner Hebrides; certain Alpine granites also

seem to me to be most probably Post-Secondary ; at any rate I have

seen in the West-central Alps perfectly typical granite cutting Lower
Cretaceous strata, and I know of no indications of disturbances in

that region until the Tertiary period had begun. Tertiary granite

is also said to exist in the island of Jamaica. Some of the Carbo-

niferous basalts of Scotland are admitted to be undistinguishable

from those of Miocene age ; most of them only differ by reason of

subsequent mineral change. Eestore the rock (and that it can be

restored admits, I think, of no reasonable doubt) to its original con-

dition, and your diabase resumes its place in the ranks of the normal
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dolerites. [N'otwitlistandmg what has been written of late, I can-

not admit that some of the altered peridotites and the serpentines of

the Apennines are other than intrusive, if not in Eocene, at any rate

in the latest Cretaceous strata, and thus, as deep-seated intrusions,

cannot be in any case older than the earliest part of the Tertiary.

Yet these are undistinguishable in all essential characters from
olivine rocks and serpentine, which would generally be regarded as

Palaeozoic or, in some cases, Mesozoic. At our last meeting Professor

Judd told us of Tertiary peridotites, picrites, and gabbros in the He-
brides not to be distinguished from similar rocks of far earlier dates.

Indeed some authors have been so impressed with their ancient

aspect as to insist on classing these gabbros with the norites of the

Upper Laurentian.

We find yet stronger instances of similarity among the andesites

and rhyolites. Mr. Teall*, in his excellent papers on the Cheviot

rocks, has shown that, except for alterations which can only be

attributed to the effect of time, some of the porphyrites of that region

are chemically and mineralogically undistinguishable from the hyper-

stheniferous andesites of Teitiary or yet more recent age. Mr. S.

AUport has shown that the devitrified perlitic rock of the Wrekin,
which is indubitably older than the Lingula Flags, and in all proba-

bility is one of the later Pre-Cambrian lavas, is as nearly as possible

identical, chemically, mineralogically, and structurally (except for

devitrification) with the perlitic obsidian of HLinik, near Schemnitz,

and corresponds very closely with another Post-Secondary obsidian

from Hungary. The red felsite, which in North Wales is found

below the base of the Cambrian series, exhibits in some localities a

fluidal structure, and every indication of having once been a true

glass, and is chemically identical with the above rock from Schemnitz;

while several of the lavas of the Ordovician series in Wales, as has

been pointed out by Mr. Eutley and myself, are, except in this

One regard of devitrification, not to be distinguished chemically or

microscopically from recent rhyolites, exhibiting fluidal or perlitic

or spherulitic structures. I have never been able to satisfy myself

as to the distinction, insisted on for some time, between propylites

and andesites, and I find that this is now repudiated by some of the

best American petrologists. In Hke manner there was no reason

for coining the barbarous term felsi-dolerite for the reception of some

of the lavas of the Lake-district. Chemically, the majority are typi-

cal andesites, a few are basalts rich in glass, very similar to those of

Tertiary age, and there are no other differences than such as are pro-

duced by lapse of time. In short, after a fairly exhaustive study of

*' felstones " and " trachytes " I may say that I am unable to recognize

any distinctions between the more ancient and the more modern, be-

sides those due to subsequent change, and that it is no more possible

to connect these with any single epoch in geology than grey hair in

the human subject with any one year of life.

The strongest arguments in favour of the division have been

derived from the " mica-traps," the nepheline and the leucite rocks,

* Geol. Mag, Dee. 2, vol. x.
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all, it will be noted, rather rare and exceptional rocks. The first, it is

true, for long time appeared to be universally of Palaeozoic age, and in

England it is only lately that (in Devonshire) they have been found

to cut rocks so late as Carboniferous ; but !M. Barrels has described

kersantites*, which, in his opinion, are certainly Post-Cretaceous, and

most probably Post-Eocene. The majority of the nephcline rocks are

Post-Secondary. I am not aware that any nephcline-basalts have

as yet been identified prior to the Tertiary period, but although

many phonolites also belong to the latter, representatives of this

group of earlier date are by no means wanting. I will not press

the case of those remarkable masses of nepheline rocks which break

through Silurian limestones and so strangely interrupt the level plane

of the St. Lawrence Talley in the district near Montreal, although the

opinion of Canadian geologists is in favour of their antiquity, be-

cause I am not aware that there is any actual proof of their age

;

but I may remark that the nepheline-syenite, which one would
naturally, from its appearance, class with the Pre-Tertiary representa-

tives of this group, contains perfectly typical nepheline ; while some
of the phonolites closely resemble European phonolites of Tertiary

age. For a like reason I abstain from quoting the Wolf Rock of

Cornwall, and even the liebenerite-porphyries of the Fassa Thai,

although I think that the latter cannot well be later than some part

of the Mesozoic period. But in any case I am unable to recognize

more than a varietal difference in the so-called elaeolite-syenites, or

any real distinction between the nepheline which occurs in the

foyaite of Portugal, considered by Dr. Sheibner to belong to the more
ancient eruptive series, and that in sundry rocks of Tertiary age.

Little can be made of the restriction to Post-Secondary rocks of

such rare minerals as haiiyne and nosean, or of tridymite, which is

very possibly not an original constituent, and very easily overlooked.

It is of no avail to quote such minerals as tourmaline, topaz, beryl,

zoisite, andalusite, staurolite, cyanite, &c., as restricted only to

Pre-Tertiary rocks, because there is no evidence that any are proper to

igneous rocks, and most are distinctly minerals of metamorphic origin.

Muscovite also will not, T think, avail much, as its identity and
history are yet far from clear. The strongest point in favour of the

classification by geologic age can undoubtedly be made witJi the

leucite rocks, for there can be little doubt that all which have been

described are comparatively modern. Further I am not aware of

any good ground for suspecting that in any of the more ancient

rocks which have been microscojjically examined this mineral has

once been present, but has been replaced by pseudomorphs. Still

we must bear in mind that in this respect negative evidence is not

of great value ; for the mineral is an exceptional one, being peculiarly

rich in potash, and typical leucite rocks are very rare—so rare that for

some time no instance was known beyond the limit of Europe.

The experience also of Messrs. Fouque and Levy appears to me to be

significant. They melted together microcline and black mica, the

composition of the mixture being SiO^= 40, Al,fi^= 17, 'Fefi.^= S,

* Eecherches sur les terrains anciens des Asturies, &c. p. 160.



78 PEOCEEDIjfGS OF THE GEOLO&ICAL SOCIETY.

MgO=21, K,O= 10(Total=96*): the composition of a leucitite

poor in silica and rather exceptionally rich in magnesia, the result

"being that they obtained " apres recuit, un culot crystallin compose de
leucite, de peridot, de melilite, et de fer oxydule, c'"est-a-dire, une
variete de leucitite a peridot." This interesting result appears to

suggest that microcline may, under certain circumstances, be the

representative of leucite, notwithstanding their different percentage
of silica ; or, to put it otherwise, that the magma which, under
certain circumstances, may crystallize as leucite and olivine, with
melilite (or with slight differences probably augite), may, under others,

form microcline and biotite (potash-iron mica). It is also to be
noted that these observers found that the leucite crystallized only at

a high temperature ; thus in making artificially a leucotephrite from
a mixture representing one part of augite, four of labradorite, and
eight of leucite, the leucite crystallized at a " rouge-blanc," the felspar

at " rouge-cerise" f. Thus it seems to me unsafe, in the present state

of our knowledge, to rely too much on negative evidence afforded us

by this one exceptional mineral.

It appears, then, to me that this attempted classification of igneous

rocks into an older and younger series, notwithstanding the autho-

rity and a few facts which can be quoted in its favour, not only is

in itself improbable, but also is opposed to the general results of

investigation, so that its retention will impede far more than it will

facilitate progress.

The order of solidification of the more important rock-constituents

presents us with some peculiarities worthy of notice. The separa-

tion of iron-oxide takes place at a very early period—probably in

* This may be modified so as to come nearer to 100. thus :

—

SiO2=41-0,Al2O3 = 17-42,Fe,O3= 8-2.MgO=21-52,K,O=10-25,Total=101-39.
t The experiments, indeed, of 'M.^L Fouque and Levy (described iu their

' Synthese des Mineraux et des Roches,' a work of tiie highest value to geologists)

appear to me to be so suggestive as to the history and relationship of igneous

rocks, that L present the results in a tabular form (it will be remembered that

the experiments were made by " dry fusion ").

(i) Negative results.

They have failed in obtaining artificially rocks containing free quartz, or-

thoclase, albite, white mica, black mica, and hornblende,

(ii) Positive results.

They have succeeded in obtaining artificially andesites and andesitic por-

phyrites, labradorites and labradoritic porphj-rites, basalts and labrado-

ritic meiaphyres, nephehnites, leucitites, leucott-phrite, and Iherzolite.

(iii) Eesults indicating relatiomkip.

(a) 10 parts of oligoelase with 1 of hornblende produced an augitic andesite :

4 parts of microcline with 4*8 of biotite produced the leucitite mentioned
above, {h) Microchne with oligoclase, nepheline, and augite produced
in each case a glass in which were oligoclase, nepheline, and augite, with-

out any trace of a monoclinic felspar, (c) A rock composed of wernerite

and hornblende produced a characteristic augitic labradorite with a little

melilite.

Minerals, however, which they have failed to obtain as constituents in artifi-

cially produced rocks, have been separately formed by MM. Fouque and l^exj,

and other experimenters,— e. g orthoelase, albite, and' a brown mica, generally

after long exposure to a high temperature. Free quartz also has often been pro-

duced by the intervention of water. It will be observed from the above tliar,

except, perhaps, in the case of Iherzolite, they have chiefly succeeded, as miglit

be expected, in producing examples of the less deep-seated igneous rocks.
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all cases this group of minerals is the first to solidify ; even in the

thin sahlbands of tachylyte we note the cloudy agglomerations of dark

dust, globulites or trichites, which indicate incipient differentiation.

These often, when well marked, are surrounded by lighter zones,

indicating that the segregatory process has continued after motion

was arrested in the mass ; but we may remark that, in the perido-

tite group, the presence of a large amount of magnesia appears to

have been unfavourable to the complete separation of the iron-

oxide, so that a large quantity has remained as an iron-silicate in

such minerals as olivine, enstatite, &c. There is usually as much,
sometimes more, iron in a peridotite than in a basalt

;
yet a slide of

the latter exhibits many more granules of iron-oxide than the former.

Olivine appears to consolidate at a high temperature ; but in the

rocks rich in magnesia the bisilicates of the enstatite group, and
perhaps those of the pyroxenic, appear commonly to have crystal-

lized before it, though the difference cannot have been very great,

since these minerals occasionally include (as in the well-known

bastite-rock of the Harz) granules of olivine. If, however, the con-

stituents of felspar are present in any appreciable quantity, then the

olivine is anterior in solidification to the above maguesian bisilicates ;

for in the picrite group they frequently include grains of it, as does

a brownish mica which occurs occasionally. As a rule, the felspars,

including nepheline and leucite, when their constituents are present

in large quantities, appear to separate out at an early period ; they

are then generally anterior to the pyroxenic mineral, and, what is

remarkable, the more basic (and in the case of the true felspars the

more fusible varieties) separate out before the more acid, so that

the remaining magma contains a higher percentage of silica than

the separated minerals. In accordance with the same principle and
as an extreme case, quartz usually solidifies last in order. AYe find,

however, even in rocks of tolerably uniform structure, whether

coarse or fine, not unfrequent anomalies, so that it is almost impos-

sible to draw up a table of minerals in the order of their solidifi-

cation ; and when we study those which occur porphyritically, the

dif&culties become greater. The following table exhibits some of

these anomalies :
—

Minerals occurring

Composition of Ground-mass *. porphyritically *.

^ ., ,., r\f • f Enstatite, auffite, hornblende,
Fendotite ... Ohvme S

biotite.

^ , ., X 1- J -i. 4. -L f Olivine, enstatite, aueite, la-
Jjolertte Labradontet+augite

| ^radorite.

^y^nite Orthoclase-t-pyroxenic mineralj
g^^^^ ^.^^^^^^

(also biotite) J

^. ., _,! • 1 I
• • 1 f Same minerals, but often the

^^^^^^^ Plagjoelase+ pyroxenic mmeral
piagioclase is a more basic

(also biotite)
( ^.^1 ^^^ byperstbene.

{Same minerals, hut quartz

only in bemicrystalline or

glassy yarieties.

Tonalife Minerals of diorite+quartz Id.

* Oxides of irorr and spinel group omitted.

t Name used generically ; may include anortbite.
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An explanation of these anomalies does not at first sight appear
hopeful ; we may, however, notice :

—

1. That the temperature of consolidation for a mineral out of

a magma is not necessarily identical with that of the isolated

mineral, as one substance acts as a flux upon another.

2. That the more anomalous results are presented by the rocks

which appear to have cooled rather rapidly.

3. That the presence or absence of water greatly modifies the

circumstances both of fusion and consolidation.

4. That Prof. Daubree's experiments indicate that pressure and
the presence of water are favourable to crystal-building.

Eor instance, in a granite or a tonalite it is obvious that the

quartz has been the last mineral to consolidate, while in quartzi-

ferous felsites and porphyrites, in rhyolites and dacites (even in the

most glassy varieties), it is not rare to find good-sized grains, even
bipyramidal crystals of quartz, among the porphyritic minerals.

In regard to this, it seems worthy of remark that, among minerals

so occurring in the non-holocrystalline rocks, a distiuction is obser-

vable, some being so perfectly developed that they seem as if they

had consolidated out of the enclosing magma shortly before it solidi-

fied, while others appear to have been subsequently modified ; the

latter being more or less cracked, fragmentary, corroded at the

exterior, and sometimes bordered by ferruginous and other minerals.

These distinctions probably indicate difference of history. In the

former case I should regard it possible that the molten matter,

during its upward passage, had been arrested for a considerable

time in a position where any further fall of temperature was practi-

cally prevented, and the contained water was unable to escape :

then crystal-building would go on
;
possibly the development of

quartz might be favoured by an increase of the pressure * from the

masses welling up behind. When the resistance in front is over-

come, the fiuid mass passes upwards and outwards, its temperature

falling and its water escaping, so that further crystallization is

impeded, and the mass assumes a hyaline or, at any rate, hemicrys-

talline condition.

The fracture of included minerals may be explained bj' strains

set up during the motion of the enclosing magma as it approaches the

condition of a solid body, while the exterior corrosion probably indi-

cates that some local rise of temperature, or increase either in pres-

sure or in the quantity of water, has affected the stability of the

molecules in the crystal. It must be remembered that, during the

intermittent upward progress of a lava-stream, its outer parts, by
contact with cooler rock, may at times lose enough heat to allow

of the formation of crystals during a pause (for I think that the

constant shearing of the molecules in a moving mass would be

unfavourable to the development of crystals of any size) ; but that

when the mass again moves onward, the more solid crystaUiferous

crust may be carried into the interior of the mass, where the tem-

perature has remained higher and its environment is diff'erent. It

* Prof. Daubree's experiments show that pressure and water are Terv

favourable to the development of quartz-crystals.
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is not impossible that some of the peculiar cases of zonal structure in

crystals may be due to changes of position, sometimes sli<?ht, durini>-

the process of formation. For instance, I think it extremely probable

that the zones of albite enclosing the large orthoclase crystals in the

"porphyroid" of Mairus in the Ardennes (I have no doubt this rock is

of igneous origin) are the records of two phases in its history. In
this way also very possibly the enclosure of hornblende by augite

crystals, or, vice versa, of nepheline by sodalite, &c., may be ex-

plained.

Definite pressure also during the process of crystal-building

cannot fail to produce a marked effect. It may, I think, be taken

as an axiom that, creteris paribus, a molten mass under pressure will

crystallize more readily than one not so affected. It is very possible

that the devitrification of many of the ancient volcanic glasses has

been largely due to the pressure which they have undergone from
being buried deep below superincumbent strata. Molecular move-
ment within limits can take place in many substances long before

they cease to be solid, as is indicated, among other things, both by the

ordinary devitrification of glass and by Prof. Daubree's special expe-

riments ; and the mere fact that, in most cases, the specific gravity

of a substance is higher in a crystalline than when in a colloid state,

indicates the probable result of the application of pressure. But on

the present occasion I shall as far as possible avoid what may be

called subsequent metamorphosis, and confine myself mainly to

structures which are due to the application of a force definite in

direction during the process of crystallization.

1. Crystals, already formed, wdll be arranged with their longer

axes in the direction of a tension, or at right angles to a pressure.

This, as every one knows, is the explanation of flow-structure in

microliths, and it is sometimes exemplified in the case of larger

crystals.

2. Crystals, when forming, if exposed to a tension or pressure,

will develope with their longer diameters in the direction of the

tension, or at right angles to the pressure. This is especially well

exhibited by platy minerals, such as mica and diaUage. The foliated

aspect of granites and gabbros near to their junction with a level

surface of stratified rock has often been noticed ; but as I observe

that in the newly awakened enthusiasm for subsequent pressure as

an agent in modifying rock-structures there is some danger of

these being overlooked, I shall venture to recall a few from my own
experience. I have often noticed that a mass of granite intrusive

into a bedded rock has, for a depth of several inches, its mica-plates

parallel with the surface of junction, and without the slightest sign

of crushing. The most remarkable instance which I have ever seen

was in the neighbourhood ofBergen ; there a vein of granite, rather

more than a foot thick, threw off" a band some three inches wide
into a transverse fracture in the schist. It was obvious that the

angles of the latter rock, one being about 60°, the other about 120°,

would offer resistances definite in direction to the viscid mass of the

granite. Accordingly the plates of mica in the latter (as usual, not

numerous) were arranged perpendicularly to the normals to the
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surface of the schist ; so that they resembled little fish which were
turning aside from the main stream to swim up the branch. I have
already described to this Society* cases of foliation developed in masses
of gab'bro in the neighbourhood of a junction with bedded rock, and
one yet more remarkable where a vein which cut a mass of serpen-

tine and had forced its way between two layers of a large included

fragment of bedded rock, preserved its ordinary structure so long as

it remained in the former, but became foliated when it was nipped,

as between two boards, by the latter. I have also seen in a
trapezium-shaped intrusive tongue of gabbro, the diallage parallel

with each of the three sides exposed to view. There is, however,

a marked difference between the foliation in these cases and that

presented by rocks ordinarily called metamorphic. In the former

the structure is generally less conspicuous under the microscope,

and the crystalline constituents present the same characteristics of

external form as in the ordinary igneous rock ; but in the latter

(wliatever may have been the cause of the foliation—crushing of a

rock already consolidated, or mineral change in a rock originally of

fragmental structure) there is a marked difference.

The process of crystallization is the disturbance of equilibrium

among the constituent molecules ; that which was homogeneous is

so no longer. The formation of large crystals appears to be
analogous to that of small, and to be only a question of time.

When we find a rock full of minute crystals, we may conclude thai

by a too rapid fall of temperature, freedom of motion was impeded
and the separate crystallites were prevented from uniting. In this

consideration we have to bear in mind the following facts, as stated

above :

—

(a) That a hyaline condition is rare and local among the more
basic rocks.

(6) That in the majority of cases the more basic minerals separate

first, so that the residue is rendered more acid, and thus, under

changed circumstances, may more readily assume a hyaline condition

(and so impede movement) than the original homogeneous magma
would have done.

(c) That the minerals first formed will be the most perfectly de-

veloped; when two minerals are both ill developed, or sometimes

one, sometimes the other, developed at its feUow's expense, the

crystallization-point for the two is probably, cceteris paHhus^ nearly

identical.

(c?) That the fusion of an igneous rock is not " dry fusion," but

fusion in the presence of water; and the same is true of crystallization^

though the free discharge of water from volcanoes may bring the

cases of certain lavas nearer to that of "dry solidification." This

may be the cause of the unusual abundance of tachylyte in some of

the Hawaiian volcanoes, as these discharge little steam from their

molten but ebullient surface.

(e) That pressure modifies the circumstances of crystallization.

* Quart. Journ. Geol. Soc. toI. xxxiii. p. 893.
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It may also be important as preveiitiiig dissociation, especially of

water.

Let us now examine the mode of crystal-building in a volcanic

glass, putting aside for the present the consideration of the crystals

which occur porphyritically ; because, as will be shown, there is no

reason to associate their formation with this last stage of consoli-

dation. A volcanic glass, Avhen molten, may be either homogeneous
throughout or not homogeneous. The former might produce a

homogeneous solid, of which a piece of window-glass would be a

perfect type ; the latter a glass streaky from the occurrence of

different substances, like various slags and very many glassy lavas.

This is obviously due to the imperfect mixture of two materials (how
mixed, matters not for our present purpose) of slightly different

chemical composition, the masses of which during motion are drawn
or " teazed " out into shreds.

Considering for a while the former case only, we see that the

molten mass may solidify without marked separation of any of its

chemical constituents, though this is rare. Commonly, numerous
microliths are formed, and the history of these, if traced, throws

much light on the process of crystal-building. Por this purpose

no better examples can be found than some of the well-known
pitchstones of Arran. On examining a slide from one of these with

an objective of low power, we see that the clear glass of the rock

appears full of a minute spicular dust ; on applying a higher power
(say I" objective) the particles of this dust are seen to be very small

pale-green belonites, disseminated pretty uniformly and without
orientation. Taking another slide, we perceive a number of larger

belonites, and in parts of the same or in a third slide we find curiously

tufted groups of the belonites, or aggregations of the smaller on the

larger, like miniature spruce-fir trees.

In'ow each one of these—larger belonites, tufted groups of all kinds

—will be surrounded by a lacuna of perfectly clear glass, while be-

yond that, there will be interspaces crowded, as above, with the

spicules. Moreover a closer examination of the larger belonites

will often show that they are compound in stiiicture, built up by
the laying side by side of the spicules ; and further that in the fir-

tree-like groups the branches, where they inosculate with the stem
(to use a simile), sometimes make with it at first a comparatively

small angle, and then stretch out more nearly at right angles,

exactly as we see the young branches start at an acute angle with
the upper part of a fir-stem, but afterwards drawn down by the

increasing weight of the bough (a botanical fact of which I may
remark, by the wa}-, many artists take no note). It appears, then

pretty clear that either the increasing viscosity of the surrounding

material, or the resistance of the tufts to which they were already

attached, prevented these spicules from being incorporated into the
main stem. Why in parts of the rock we have a uniform distribution

of the spicules, and why in others they are able to aggregate as

above, we cannot say ; but probably it is due to some very slight

irregularity—an almost infinitesimal difierence might suffice— in the
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composition of the rock. Some slides, however, illustrate another
form of disturbance of equilibrium : crystals of quartz or felspar are

imbedded in the rock, and on these the larger belonites have, as it

were, grown, in accordance with a well-known law of crystal-

building, that a mechanical disturbance of equilibrium is favourable

to it, and every crystallite seeks its wov oTio.

Let us now proceed to the igneous rocks which are comprehended
in the general term '"' trachytes ;" rocks which still retain a glassy

base, but have it crowded with microliths ; in which also there is

commonly a slightly lower percentage of silica than in such glassy

forms as pitchstone and obsidian. Here we find crystallites of

felspar largely developed, together with granules of augite, horn-
blende, and magnetite ; these occasionally are so far associated as to

afford instances of twinning, and they vary notably in size. In these

rocks we are presented with a stage of crystal-building somewhat
analogous to that just described, though taking place in a rock of

slightly different composition. This microlithic structure appears ta

me to indicate that temperature (as in the former case) was changing

rather rapidly, and crystal-building was arrested before it had
progressed beyond one or two of its earlier stages. Hence I fully

expect that it will be restricted to rocks which have either been
emitted as lavas or, if intrusive, have solidified not far from th&

surface of the ground, that is, under circumstances which have
allowed of comparatively rapid cooling and perhaps the free evapora-

tion of water.

Let us now for a moment turn our attention to the larger crystals

of quartz, felspar (and, in some more basic examples, nepheline and

leucite), biotite, augite, and hornblende, which we find in porphyritic

varieties of these rocks. These are not seldom found to have incor-

porated into themselves portions of the ground-mass or microliths

of other minerals such as occur in the rock, which have been forced

to obey the law of crystallization of their captor, and to arrange

themselves conformably to it. Instances are too common to require

enumeration. I interpret this to mean that the magma was main-

tained for a considerable time at the temperature requisite for the

separation of some particular mineral, and only slightly below that

at which some other mineral, present in a very much smaller quantity^

had solidified. Lor instance, in the case of magnetite and leucite,

the latter mineral begins to form in a magma in which scattered

granules of the former have appeared. Pirst, probably, there is a gene-

ral development of microlithic leucites ; next, owing to a slight non-

uniformity of conditions, certain of these act as centres of attraction.

The first tendency will be for the leucite microliths to aggregate

and, in so doing, to exclude the magnetite, if it be only sparingly

present ; but after a while the nucleus becomes larger, the magma
possibly slightly more viscous. Motion is not quite so free, and the

converging microliths of leucite bring with them granules of magne-

tite, and, it may be, the enlargement of the nucleus (as mentioned

above) facilitates crystal-formation ; hence the granular magnetite is

included in the crystal. (It must be remembered that when one
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mineral is in the act of crystallizing and the other has crystallized,

the latter is inert while the former is active.) It may also happen
that in this crystal-building the attached microliths are novr diverted

in this way, now in that ; thus twin-building of various kinds will

result, and I should expect that this twinning might be more
perfectly developed by molecular rearrangement after the crystal

had formed, but while it was still plastic.

If this process of aggregation of one or more minerals be carried

on to a considerable extent, the residual magma will obviously differ

much from the original. At last this also may begin to crystallize.

Then, if the fall of temperature, or the change of conditions be very
slow, we shall have a coarsely crystalline mass enclosing the earlier

developed crystals ; but if the change is more rapid, one more finely

crystalline will be produced. If the magma contain the constituents

of minerals, of which any one (under the circumstances) crystallizes

at a markedly higher temperature than the rest, we may expect
perfect crystals of that to occur; if not we shall find that the
minerals, though thoroughly crystalline in structure, are very
imperfect in their external form.

In the case of slow consolidation it is obvious that if we suppose
at different points in the mass the existence of centres of attraction

of any kind, acting uniformly in every direction, the microliths as

they form will be aggregated around them with a radial structure and
thus will form spherulites. On this structure I have some further

remarks to make, in relation to vitreous rocks, in which it is far

more common ; but I may point out here that the curious orbicular

diorite may be thus explained. In these globular masses we can
generally see a more or less indistinct nucleus, then follows a series

of subspherical bands of anorthite and hornblende, the former predo-
minating. The process, then, appears to be as follows :—The two
minerals have crystallized almost simultaneously, the felspar having
had very slightly the advantage. The nucleus, possibly only in

consequence of the accidental presence of a slight excess of anorthite,

acts as a centre of attraction, and anorthite from the parts of the
magma in immediate continuity, separates out and collects radially

upon the existing nucleus. But after this segregation of the

felspathic constituents from the magma has gane on for a certain

time, there is a zone of it in which is a residual excess of the horn-
blendic constituents, so that circumstances now admit of the forma-
tion of the latter mineral ; and thus a zone of it is built up, until

again the inequalitj^ is more than redressed, and the formation of

anorthite recommences. But this will not go on indefinitely ; for

general crystallization of a non-radial character will have been set up
in the mass, so that at last molecular motion becomes impossible.

The construction of spheroids ceases, and they are enclosed in an
ordinary diorite. I notice that where the boundary of the spheroid

is the most sharply defined, the outer ring is a thin one and is

hornblende, as it should be with the mineral second in order of
formation.

Leaving, then, for a moment, certain structural peculiarities, such

VOL. XLI. i
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as spheriilites, let us see how far we can connect those whicli we
commonly meet with in igneous rocks.

Commencing with the hyaline stage (omitting minerals of an-

terior consolidation, and restricting our remarks to the rocks con-

taining a fair proportion of felspar), we seem able to trace the

following order of phenomena in rocks which do not remain in a

condition so vitreous as the tachylytes, pitchstones, and obsidians :

—

A. (1) Formation of a large number of felspar microliths, so that

these become the most conspicuous objects in the ground-mass, in

which, however, more or less glass usually remains. This gives the

tracliytoidcd structure of many authors, and indicates a compara-

tively rapid fall of temperature, so that crystal-building is arrested

at a rather early stage.

(2) Further development of the felspars, until their chemical

constituents are wholly, or almost wholly, removed from the magma,
followed by crystallization of the residue. This is the ophitic

structure of authors, most perfectly developed when the residue has

the composition of a pyroxenic mineral and itself crystallizes rather

coarsely— a structure, I think, indicative of more gradual cooling,

but still under no great amount of constraint. Is'ot usual in the

more acid rocks.

B. (1) Structure minute ; but a glassy base* is not distinguishable.

Want of definiteness of external crystalline form, as though some-

times the separation of adjacent minerals had not been absolutely

perfect, or an irregularity of boundary, as though crystallization

had been simultaneous. Occasionally there is some approach to a

coordination of structure, a more or less imperfect micrographic or

spherulitic arraugement being visible. This is the petrosiliceous

structure of authors, indicative, I believe, of constrained consoli-

dation.

(2) Generally a coarser structure than the last. The separation

of the minerals is more complete, and the felspars tend to have
rectilinear boundaries. The microgranulitic stimcture of authors,

which perhaps ultimately may be in great part classed with the

nest one, the remainder belonging to the first, and both belonging

chiefly to the less basic rocks.

(3) Fairly coarse felspars, usually well-defined externally, espe-

cially in the more acid varieties, the granitoid structure of authors,

especially characteristic of granites, tonalites, most syenites and
diorites, and gabbros.

This last method of crystallization seems to belong to very deep-

seated rocks, where consolidation has taken place under great

pressure and in the presence of confined water-vapour ; certain

cases of (2), and perhaps some of (1), indicate the same process

carried on more rapidly, and so occur frequently in vein-granites

and intrusive felstones. The first, or petrosiliceous type, however,

requires much discussion, and with some remarks on questions

relating to this, I must conclude this already too lengthy address.

For many years the subject of the minuter crystal-building has

been present to my thoughts, although the pressure of what I may
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call larger questions has prevented me from devoting to it much of

the time which I can secure from daily duties. It was a question

to which my work in Charnwood and Xorth Wales ohliged me to

pay attention, and I may mention that it is now seven years since

I published a paper in the ' Geological Magazine ' which dealt with

the possible mode of formation of some spherulitic rocks in Arran.

This will, I hope, be my excuse for putting before you some of the

results of my own work, without direct reference to what others

may have written on the subject. The question propounded to us

by the study of [this class of rocks in the field is practically this :

Has the petrosiliceous, the spherulitic, the micrographic structure

been produced during the original cooling of the rock, or has it been
subsequently brought about ? and if it has been produced at either

time, is there any hope of distinguishing what I may call original

from secondary devitrification ? Besides studying a large number
of natural rocks, I have examined some artificial glasses in the hope
of obtaining some help from them.

I have to acknowledge with gratitude the assistance which I

have received, both in information and by the gift of specimens,

from Professor Judd, Mr. J. A. Phillips, Messrs. Osier, Mr. F.

Claudet, and Mr. Frederick Siemens, of Dresden. To the last two I

can hardly adequately express my thanks. Each, from the funds of

his practical experience, gave me much information ; each made
me a liberal gift of specimens, Mr. Siemens even having some
specially prepared for me. I may add that in the time at my dis-

posal since these reached me, it has been impossible to do full justice

to the many interesting questions to which they give rise ; but I

hope to make them the subject of further study.

Specimens of artificial glasses vary considerably in composition.

The following are analyses (furnished me by M. Claudet) of fiint-

g]ass (I. and II.) and a (French) bottle-glass III. *

^ M. Pelouze also, in his article Sur le Verre, Compt. Eend. Ixiv. p. 53, gives

the following analyses :

—

Ordinary Glass.

SiO^ 77-04

CaO 7-41

Na.O 15-51

99-96 100-00 10000

Alumina glasS; Magnesia glass.

S. G. 2-380. (Easily devitrified.)

SiO., 75-00 SiO^ 68-9 65-7

AlA 7-60 MgO 14-9 12-0

Na^O 17-40 CaO 73
ISXO 16-2 15-0

7305
15-16

11-79

77-80
12-50

9-70

100-00

100-0 100-0
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I. II. III.

SiO, .... 64-70 69-65 SiO^ .... 53-55

Alfi^ .... 3-50 1-82 Al.Og 6-01

CaO .... 12-00 13-31 ^Eep^ .... 5-74

Ka,0 .... 19-80 15-22 CaO .... 29^22

K,0 .... 5-48

100-00 100-00 •

100-00

In flint-glass the percentage of silica is often higher, that of alumina
lower, and those of lime and soda more nearly equal than in (I.).

In fact, we might take as an approximate composition of a typical

flint-glass about 70 per cent, of silica and about 27 per cent, of lime

and soda, in nearly equal proportions, the residue consisting of

alumina, iron, manganese, &c. The presence of alumina, as is well

known, renders the glass less fusible. Hence, in order to obtain

devitrified specimens, Mr. Claudet was in the habit of sprinkling a

little clay on the residual glass in a pot. (This, I think, acted

mechanically as well as chemically, as probably it was not wholly

melted.) Compound silicates also, he informs me, were more fusible

than simple. In the comparative study of artificial glasses and of

igneous rocks there are, however, two obvious difiiculties—one, that

the former, as indicated above, contain a much larger percentage

of lime and of an alkali than we find in obsidians, pitchstones, or

rhyolites, and that in regard to them we are dealing with dry fusion

and dry solidification (Mr. Siemens informs me that it is an important

matter to allow the " metal" to boil for a considerable time, i. e. to

eliminate from it vapours and gases). As I had been informed that

Messrs. Siemens were making bottle-glass from " granulite " or granite,

I had great hopes of obtaining from them an artificially produced

obsidian, and thus being enabled to study the devitrification of a

substance chemically identical with a natural rock. This, I regret

to say, is not quite the case. Their staple material is a granite or

granulite, of which analyses are given below*, but a certain quantity

of calcium fluoride and sodium chloride or sulphate are added. I

was not informed of the exact amount ; Mr. Siemens says it is

done rather roughl}-, but "so as to make a good alkaline glass."

Hence, even in this glass, we have more lime and alkali, as well as

less magnesia, than we should find in such a rock as an andesite,

*I. II.

Light-coloured Dark-coloured
variety. yariety.

SiO„ .. 69-30 60-90

A1,0, 17 70 19-10

FeA 1-10 3-10

CaO 1-60 2-90

MgO 0-13 0-80

K.,0 3-45 4-10

Na,0 5-20 5-53

Diff. 1-25 3-27

Difference contains HF, MnO, &e.
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with which probably the silica and alumina percentages would more

nearly correspond. Nevertheless, though this fact obliges me to

hesitate at present as to the identification of the minerals formed

during devitrification, these specimens have proved of great assis-

tance*.

It will be convenient to describe very briefly the results of my
examination of the various glass specimens referred to above, before

indicating their bearing on the devitrification-structures of natural

rocks.

In ordinary window-glass two types of crystals appear to be

developed t. One consists of long acicular prisms of a clear mineral

with a satiny lustre, like that of pectolite. These form spherulites

(sometimes more than an inch in diameter in the body of the glass),

but they also, as we might expect, form a more or less mamillated

layer, starting from the exterior portion of the mass, especially

where in contact with the sides of the pot. Both are composed of

thickly crowded tufts of acicular or hair-like microliths, exactly like

the growth of microcrystalline quartz which we can study in the

chalcedonic linings of cavities in rocks. Sometimes they form

radiate hemispheres, the plane face being the surface of the glass,

the centre not seldom a httle speck, which appears to have been one

of the clay granules mentioned above. The second type is a mineral

of a less satiny lustre and apparently not quite without colour, the

larger aggregates having a faint ochreous-grey tint. Its habit of

crystallization appears to be entirely different. Commencing with an
elongated flattish prism, smaller prisms attach themselves to the

sides at angles of about 60°, and to these in like way others are

added. Occasionally the rachis, as I may term it, of the leaf

becomes curved. These, again, combine into stellate six-rayed

forms, reminding us of the well-known snow crystals, and develope

into flattish hexagons like those figured by Vogelsang in the eighth

and ninth plates of his work 'Die Crystalliten,' except that the outer

boundary appears sharper than in those on the latter plate. A
remarkable twinning now takes place, two composite crystals

placing themselves at angles of 60° with the plane of the first plate,

so that a vertical section would give us a six-rayed star. This

process continues, but with a certain dominance of crystals lying in

the original direction, so that its result is an aggregated mass of

somewhat flattened forms, the longer diameter of which sometimes

measures nearly an inch. At the ends it is rather concave, and its

sides still retain a somewhat hexagonal shape. I may give a general

idea of the appearance by comparing one of these to a ball of cotton

* I am, of course,, aware of the glass formed from melting basalt ; but on
account of the rai-itj of glasses and structures suggestive of "devitrification"

among the more basic rocks, I have not thought it worth while to spend much
time over them.

t Mr. Claudet informs me that these spherulites were produced by stopping

all the orifices of a furnace, and allowing it to become cool very slowly, the

time occupied before the cooling was completed and the pots were withdrawn
being from 8 to 10 days.
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as ordinarily sold, if its sides were compressed by its being placed

in a hexagonal box.

Both of the above crystalline aggregates appear to be sharply

separated from the enclosing glass, which, I may remark, is often

cracked for some little distance round them, as though by strain in

subsequent cooling. Although the latter microliths appear to form
tufted and sometimes spherulitic masses, like the foriner, by the

crowding of the branch-like forms, so that they are compressed
together like the twigs in a broom, jet I am disposed to regard the

two as distinct varieties, if not distinct minerals. Probably, how-
ever, the difference in chemical composition is but slight. Their
occurrence, often in the middle of a mass of perfectly homogeneous
glass, leads one to suspect that they differ but little from it in com-
position, and are crystals of some lime-soda silicate, chemically as

nearly as possible identical with the glass*. So far as I can at

present ascertain, each is a monoclinic mineral.

Mr. P. Siemens sent me a specimen of " granulite glass " containing

spherulites, taken " out of an old tank-furnace cooled down slowly

with about 1000 cwt. of glass in it." The fragment is of irregular

form, about 5"x3''x2", of a rich resin-brown glass, containing

several spherulites beautifully developed, most of them about 1"

diameter, sometimes a little more ; they exhibit a radial structure,

with one distinctly zonal in the exterior part, forming a kind of
" rind " about '2" thick. The inner part is of a pale yellowish-grey

colour and has a slightly unctuous lustre ; the outer has a pinker

tinge and deader lustre ; but the outermost zone, perhaps J^-th inch

thick, more nearly resembles the interior. When examined under

the microscope these spherulites are not very translucent, of a

dusty grey colour and rather earthy aspect ; the radial structure is

rather irregular, the spherulite being apparently composed of a

matted mass of rather curved acicular microliths ; the zones are

indicated by darker bands and there are some interesting minor

peculiarities on which I must not dwell, except to say that beyond

the spherulite is a very thin fringe of minute colourless crystallites.

This mineral is probably an aluminous silicate, and resembles that

in some spherulites which I have seen in obsidians and pitchstones

;

perhaps it is an impure microlithic oligoclase.

In all these specimens, described above, the various crystallites

have formed during the cooling of the mass from a molten condition,

* Mr. Claudet tells me that some years since, he analyzed a glass and one of

the enclosures, and found no substantial difference between them. I may add

that Vom Eath's analyses of a pitchstone and a spherulite from Antisana

(Andes) give but little difference. Dumas's analyses of a glass and its crystal-

lized inclusion, however, show a decided difference :

—

Vitreous part. Crystallized part.

SiO^ 64-70 68-20

AIA 3-50 4 90

CaO 12-00 12-00

l^a-P 19-80 14-90

100-00 100-00
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and thus illustrate what we may t(^nn primarij devitrification. It

represents a segregation of certain crystalline minerals from the

body of the glass, which, however, undergoes no change whatever

that is visible to the eye in the other part, the free ends of the

microliths being bounded by a true glass, apparently identical

with that in other parts of the mass. I now turn to some
examples illustrative of changes produced by the action of heat

upon specimens which have once been perfect glasses. The first,

given me by Mr. F. Claudet, is one of great interest. It consists of

a number of sheets of window-glass, which, when lying one on
another, were exposed to great heat in the noted conflagration at

Hamburg, ajid partially fused, so that they now form an almost solid

mass about | inch in thickness, with thin alternating bands of

opaque-white and of clear glass, not unlike a banded rhyolite. A
closer examination shows that, except at top and bottom, each white
band is more or less double, half belonging to the underpart of one

sheet, and half to the upper part of that in contact with it. Each
is composed of a tufted growth of very minute acicular crystals of a

pale brownish-grey colour. Usually their close approximation

compels them to exhibit a brush-like structure ; but occasionally

where there are slight interruptions, we have more or less perfect

half-sj)herulites, and in a few cases where the fusion of the surface

appears to have been complete, we have a perfect spherulite, whose
equatorial plane represents the former junction-faces. As the glass

has not been completely melted, it seems probable that the spheru-

lites are due to a crystallization of, not from, its material, and they

clearly originated at the surface of the sheets.

A specimen, prepared for me by Mr. F. Siemens, further illustrates

this. A group of four pint bottles of different-tinted granulite glass

was exposed for twenty-four hours to a temperature of about 600° C.

The heat has not sufficed to fuse the bottles, but they have been

completely softened, have fallen together and become welded into an
irregular fiat cake, though the necks, lips, even the letters stamped on

the bottles, can be readily distinguished. We have thus had about

the same approach to fusion as in the former case. Here, too. a

fracture through one of the bottles shows at either surface a white

skin about -gV^h inch thick, duplicated as before, where two surfaces

have been welded together; but between these, in the clear glass, are

numerous small spherulites from T,\|-th to x\^th of an inch in diameter.

Here, again, one would imagine the chemical difi'erences between
the crystalline bodies and the glass must be extremely slight. The
mineral has a similar aspect with, and is probably the same as, that

in the larger spherulites described in the slowly cooled mass of

granulite glass.

I am indebted to Mr. F. 'W. Eudler for a specimen of great in-

terest. This is a fragment of a plate of glass, about 1-1 inch thick,

devitrified by exposure in a crucible to a bright red heat for three

weeks. A slide cut from it exhibits many points of interest on
which I have not time to dwell ; but the following have a special

bearing on the question before us. So far as I can ascertain, there
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is no residual glass : a fair qnantity of an earthy dust, and sundry
globnlites hare formed, also a nnmber of minute belonites ; bnt the

dominant structure consists of crowded •'• brushes '" of an acicular

mineral with a general resemblance to that of the first type described

above. The most interesting point, however, is that the fragment
has three external faces, parts of the front, back, and an end of the

plate ; the acicular microlithic aggregates grow out from each of

them until they meet, where a sharp divisional line is formed, visible

even to the unaided eye, clearly indicating that the crystallites

started simultaneously from each exterior face, and grew inwards
till they met. The structure is roughly represented in the annexed
diagram. Here, as the whole glass is devitrified, the dominant
crystallites must be nearly identical in composition with it.

Section of a fragment of devitrified glass.

In concluding this subject, I must recall to your memory the most

important experiments of M. Daubree on common glass. These,

however, were performed in closed tubes in the presence of water

(about one thiid of the weight of the glass)*. Here the composition

of the glass was considerably altered, quartz crystals were developed,

with many belonites of a silicate, with spherulites and a tufted growth,

probably of chalcedony, and with a few grains of pyroxene. The

irregular crowding of the spherulites is very noteworthy, and the

effect of the surfaces of the glass on the grouping of the structures

produced by the alteration. A study of M. Daubre'e's remarks and

plates appears clearly to indicate that there is a great difference

between the results of mere '-heat" devitrification as described

above, and those of '' heat-water-pressure '" devitrification.

The experimeutal evidence above cited indicates that consider-

able structural change and possibly some amount of molecular

segregation involving actual change of relative position (which is

certainly considerable when water is present) can take place when a

soHd bo'dv is rendered moderately plastic, but without fusion. This

is further illustrated by such facts as the kernel-roasting of copper-

* 'Etudes Synthetiques de Geologie Erperimentale,' voL i. pp. 159-171.

Composition :

—

^
SiO, 68-4

ALA 4-9

CaO 120
MgO -5

y-aJO 14-7

100-5
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ore. That similar processes can go on in nature is suggested by
the numerous instances which we witness in studying the conversion

of olivine-rock into serpentine, of pyroxene into varieties of horn-
blende, the formation of tourmaliue in granite, and the like. I

believe also that many of the oolitic grains in limestones are struc-

turally true " spherulites " developed after the rock was more or less

consolidated ; and that such is the nature of the radiate balls in the

magnesian limestones of Durham can hardly be doubted. Many other

instances of " concretion " might readily be mentioned, notably those

singular forms in the flinty slates of Eskdale : but the above may suffice.

I formerly pointed out that the spherulitic structure of certain felsites

in Arran could only be explained on the supposition that they had
been produced by a metamorphic action due to a subsequent intrusion

of an igneous rock. The structures of the devitrified glasses also

show us very clearly how great an influence the slightest disturbance

of equilibrium has on the initiation and direction of crystal-growth.

The discontinuity, and consequent diff'erence, due to the mere
existence of a surface—what we may term the surface tension—has
sufficed to originate crystallization in each one of these cases of

artificial secondary devitrification.

Thus my examination of a large number of igneous rocks in the

light obtained from the experimental evidence described above leads

me to the following conclusions :

—

(1) That spherulitic and other microlithic structures can be

produced in a glassy rock during cooling.

(2) That they may sometimes originate from a nidus (as it were)
of slightly different mineral composition, which thus starts crystal-

lization.

(3) That they very often originate by the mechanical aid of some
included crystal or particle.

(4) That perhaps still more often they are the result of some kind

of strain analogous to that of the artificial cases described above.

This might occur especially in banded rocks, as the difference in

composition in the layers might cause them to contract unequally.

(5) That these microlithic structures, unless too crowded, are

sharply separated from the surrounding glass.

(6) That they can also be produced by subsequent heating short

of fusion, and that, except perhaps that the results are more obviously

connected with local disturbance of equilibrium, there are no means
of distinguishing between " dry heat " devitrification and " slow cool-

ing " devitrification.

But the experiments of Prof. Daubree have produced results not

wholly identical with those of the drj--heat action ; and to this ex-

periment the process which has taken place in nature must have

been more nearly analogous ; that is to say when " devitrification," in

the strict sense of the word, has been produced in a rock once glassy,

the agents of change have been pressure, water, heat, the elevation of

temperature being probably in most cases very moderate. How far,

then, is it possible to distinguish the results of this from those of

"cooling devitrification," the only other kind likely to occur, except

very locally, in nature ?

VOL. XLI. h
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An examination of Prof. Danbree's results suggests tliat the devi-

trifj'ing action has been more universal and simultaneous throughout

the mass than in the above-described cases of " dry heat" or " cooling "

devitrification. It is true that the surfaces of the mass have, in this

case also, produced modifications ; but spherulites appear to have

started almost simultaneously from many independent centres, so as

to form a crowded mass, interlocking with irregular outlines, instead

of a number of large spherulites, Trhich. if they come into contact,

are parted by more uniform surfaces. The formation also of

innumerable microliths throughout the whole mass of the glass is not

weU paralleled in the instances of " dry-heat '' devitrification. K'ow

on examining cases where we may reasonably conclude that a devi-

trification (in the strict sense of the word) has occurred in nature,

we are struck with certain structural peculiarities. We may. I think,

assume that the existence of a perlitic structure in a rock is an indi-

cation that it has once been a true glass. Isolated spherulites and a

well-marked banded structure are, I believe, also presumptions in

favour of the same : though in the latter case portions may have

assumed a crystalline condition in cooling. If, then, we examine

slides of such rocks as the devitrified perlitic lavas of the TVrekin

district, we observe that the secondary structure presents certain

peculiarities. i!^ot seldom it bears a defijiite relation to the cracks

by which the perlitic mass is traversed, ' a thing not surprising,

because these cracks, as pointed out some years since by myself, and

as indicated to you during the present year from another point of

view by Mr. Eutley, may have from the very first been connected

with pressures or strains of some kind, and this distiu-bance of equi-

librium could scarcely fail to tell when crystallization commenced.

There are, indeed, instances to be found where the depolarization-

phenomena ordinarily seen in a colloid body subject to strain seem to

have been rendered permanent. The devitrification-structures in these

perlitic rocks difPer much from those which Ihave observed in any case

where there was a reasonable probability of their being the result of

the original cooling. It is difficult to express it in words, without

entering into lengthy and minute details unfitted for the present

occasion ; but I may epitomize them thus :—the slide throughout

exhibits a peculiar confusedly crystalline structure, the individualized

minerals sometimes being of extreme minutenes:-. The ground-mass

appears to be composed of a mixture of quartz and felspar ; but it is

exceedingly difficult to say which has been first to consolidate, some-

timesthe one, sometimes the other, appearing to have had the mastery.

Xow and then a felspar crystal exhibits a rectilinear boundary,

but very commonly it appears to granulate into the quartz, and

sometimes the felspathic mineral (I am doubtful whether it is a true

felspar) resembles a kind of residuum or '• sediment," left unused

when the quartz grain had formed. The latter mineral frequently

occurs in little groups of moderately distinct, though crowded ciystals,

as may be observed in some cases of chalcedonic formation in veins

and cavities. Close intercrystallizations of the quartz and felspars,

leading to all kinds of imperfect =pherulitic, micrographic, and den-
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dritic structure *, are common ; and not seldom tiny spherulites occur,

whether singly or in crowded groups, of that indefinite external

character already mentioned. In short we have a number of struc-

tures similar, so far as I can judge, to those figured by MM. Fouque
and Levy in their magnificent work ' Mineralogie micrographique,'

plates xi., xii. (2), xiv., xv., and xvi. (1): in the last, I believe,

at any rate the larger spherulites are of anterior consolidation. I have

found characters more or less similar prevail in the " felstones
"

beneath the base of the Cambrian of North and South Wales, in the

compact lavas from Charnwood, in the more compact of the Ordovician

lavas from "Wales, and in many other similar rocks. It is, in fact,

generally found in those " felstones " which have a compact, smooth,

and sometimes subconchoidal fracture, but hardly so much as a

glimmering lustre.

Hence it appears to me that the petrosiliceous structure of the

above-described character is probably always the result of secondary

devitrification, in which pressure and water (acting for a long time)

have been more important than heat. It has nearer relations to the

microgranulitic structures found in certain vein-granites and intru-

sive felstones than to the trachytoidal structure of lava-flows ; which
is not surprising, seeing that the former structures have probably

been set up under considerable pressure and in the presence of water.

Thus we appear to have two groups of structure : one, the trachytoidal

and ophitic; which are more generally the results of drier and less

constrained cooling ; the other, the petrosiliceous, microgranulitic, and
granitoidal, indicative of the presence of some water and the existence

of much constraint, the first of these three being probably almost

entirely a structure of secondary origin ; for I expect that we shall find

on further study that we shall be able to distinguish even the more
minutely microgranulitia rocks from the truly petrosiliceous ; but on
this point I will not venture to speak at aU positively, as I have not
been able to study so many specimens of these vein-granites as I
should wish to have done. Still I think we may safely affirm that

the majority of the petrosiliceous rocks owe their structure to a
peculiar form of subsequent devitrification, and so, as altered rhjolites,

obsidians, and pitchstones, belong more properly to the metamorphic
rocks (of igneous origin).

I have throughout spoken, as I stated I should do, with little

reference to the work of others, because I thought that there might
be a certain interest and advantage in presenting what I had to say
from a personal point of view, since on nearly every point I have
striven to form an independent conclusion, and often the result of
many hours' work has been condensed into a few words. It has
been work, I fear you will say, leading to little result ; but perhaps
its very incompleteness may suggest lines of research to other workers.
Another reason why I have referred little to the investigations of
others is, that in each case one ought in justice to be sure of namino-
the original observer. Now to do this would have involved much

* I use the last term for want of a better name to express cases where the
minerals resemble crowded branches or rootlets.
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additional labour, of a kind unprofitable to one's self. The great

demands made upon my time for the last four years by duties only

indirectly connected with science have compelled me to be a little

selfish, and have precluded me from the careful study of a good deal

of contemporary literature, now becoming fearfully voluminous . But
T cannot conclude without stating how much I owe to many fellow-

workers—to Daubree, Fouque and Levj'', in France, to Eenard in

Belgium, to Yogelsang, Eosenbusch, and Zirkel, in Germany, to

many Americans, above all Wadsworth and Button, and, in our own
country, to Sorby, Phillips, Teall, Judd, and Allport ; all of these

last named have aided me in every possible way, freely furnishing

me with specimens and frankly imparting to me their own ideas.

To the last, Mr. S. Allport, I feel myself under a special obligation.

Fourteen years ago, when I began to study the microscopic structure

of rocks, there were few books and, in England, very few petrologists.

Mr. Allport had already more than mastered the preliminary diffi-

culties, and had got together a fine collection of rock-slides, his

own handiwork. This collection and all that he knew were at my
service whenever I could visit Birmingham. To him I used to carry

my perplexities, and from him I got that help which, in my new
stage of work, was invaluable. I can say with truth that had it not

been for his assistance, as well as your indulgence, I might never have

attained to the honour of addressing you from this chair.
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February 25, 1885.

Prof. T. G. BoiTNEY, D.Sc, LL.D., F.R.S., President, in the Chair.

Bennett Hooper Brough, Esq., Assoc. R.S.M., 5 Robert Street,

Adelphi, W.C. ; Parvati Nath Datta, Esq., 10 Blackwood Crescent,

Edinburgh ; Robert Stansfield Herries, Esq.. B.A. Cambr., 53 War-
wick Square, London, S.W. ; William Herbert Herries, Esq., B.A.

Cambr., Shaftesbury, Te Aroka, Auckland, Xew Zealand ; Rev.

Edward Jordon, Ravenscroft Park, High Barnet, N. ; Lees Knowles,

Esq., M.A., LL.M., Westwood, Pendlebury, near Manchester ; and

William Hobbs Shrubsole, Esq., Sheerness, were elected Fellows of

the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. "On a Dredged Skull of Ovibos moschatusJ' By Prof. W.
Boyd Dawkins, M.A., F.R.S., F.G.S.

2. " On Fulgurite from Mont Blanc." Bv Frank Rutley, Esq.,

F.G.S.

3. " On Brecciated Porfido-rosso-antico." By Frank Rutley,

Esq., F.G.S.

4. " Fossil Cyclostomatous Bryozoa from Aldinga and the River-

Murray Cliffs, South Australia." By Arthur Wm. Waters, Esq.,

F.G.S.

The following objects were exhibited :

—

Specimens, exhibited by Frank Rutley, Esq., F.G.S., in illustra-

tion of his papers.

A collection of stone implements and two ciit bones from the

neighbourhood of Reading, Berks, exhibited by 0. A. Shrubsole,

I., F.G.S.

Two old oil-paintings of Yesuvius in eruption, exhibited by

George Ellis, Esq.

March 11, 1885.

Prof. T. G. Bonnet, D.Sc, LL.D., F.R.S., President, in the Chair.

William Lester, Esq., J.P., Bron Offa, near Wrexham, and

vol. xli. I
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Thomas Stewart, Esq., Assoc. M. Inst. C.E., Cape Town, were
elected Pellows of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. "The Granitic and Schistose Eocks of IS'orthern Donegal."
By C. Callaway, D.Sc, P.G.S.

2. " On Hollow Sphernlites and their occurrence in ancient
British Lavas." By Grenville A. J. Cole, Esq., E.G.S.

Rock specimens and microscopic sections were exhibited by Dr.
Callaway and Mr. Grenville Cole in illustration of their papers.

March 25, 1885.

Prof. T. G. BoNOTiT, D.Sc, LL.D., F.E.S., President, in the Chair.

Charles De Laune Eaunce de Laune, Esq., E.L.S., Sharsted Court,

Sittingboume, Eient ; and William Hill, Esq., Jun., The Maples,
Hitchin, Herts, were elected Eellows of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. "On the Eelationship of Ulodendron, Lindley and Hutton, to

Lepidodendron, Sternberg, Bothrodendron, Lindley and Hutton,
Sigillaria, Brongniart, and Mhytidodendron, Boulay." By Robert
Kidston, Esq., F.G.S.

[Abstract *.]

The Author commenced by expressing an opinion that the

so-called genus Ulodendron of Lindley and Hutton comprised

specimens belonging to several species which were referred to

diflPerent genera. Unless the outer surface of the bark is well

preserved, stems of Clathrarian Sigillarue and Lejpidodendra are

undistinguishable ; but species of Ulodendron have been in several

-cases founded on decorticated examples, and distinguished by such

characters as the size of the Ulodendroid scar. The three species

which have furnished most of the specimens described as Uloden-

dron, and to the description of which the present paper was chiefly

devoted, are Lepidodendron Veltheimianum, Sternb., Sigillcma dis-

copTiora, Konig, sp. {=^U. majus and U. minus, Lindl. & Hutt.), and
B. Taylori, Carruthers, sp.

* This paper has been withdrawn by permission of the Council.
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The subject of the jjaper was divided into four heads. In the

first an epitome of the views of previous writers on Ulodendron was
given. The writers noticed were Steinhauer, Ilhode, Allan, Konig,

Sternberg, Brongniart, Lindley and Hutton, Buckland, Hooker,
Sauveur, Unger, Goppert, Tate, Geinitz, Goldenberg, MiUer, Eich-

wald, Macalister, Dawson, Carruthers, Eohl, Schimper, Weiss,

Williamson, Feistmantel, Stur, Thomson, Zeiller, Lesquereux, and
Renault. In the second part the Author described the specimens

belonging to the species named that he had been able to examine.
The third part contained the general conclusions as to the nature

of Ulodendron at which he had arrived. He commenced by defi-

ning the four genera Lepidodendron, Lepidopliloios^ Sigillaria, and
Bhytidodendron, as distinguished by the characters of their leaf-

scars, and showed t]iSitLej)idode)idron, Sigillaria, and Rhytidodendron

occasionally exhibit large scars, arranged in two opposite vertical

rows. These are the Ulodendroid scars. They marked, in the

Author's opinion, the point of attachment of a caducous appendicular

organ, which had in a very few cases been found in position.

These appendicular organs were probably sessile cones. Details

were given, showing the progressive development of the scars, the

obliteration of the normal leaf-scars by the appendicular organs,

and the branching of Ulodendroid stems.

The concluding portion of the paper contained the synonjTiiy at

length and full descriptions of the three fossil plants, Lepidodendron

Veltheimianum, Sigillaria discojpliora, and >S^. Tai/Iori, together with
the horizons and localities in svhich they have been found in Britain.

Bothrodendron was shown to be a decorticated form of Ulodendroid

stem, and Knorria a cast of the core of Lepidodendron.

Discussion.

Mr. Caeeuthers, after expressing his sense of the value of the

paper, remarked upon the difiiculty of finding characters of real

importance for grouping fossil plants ; hence fossil species and genera

are based on very different data from those of recent plants. All

the essential characters of the Carboniferous Lycopodiacese, for

example, may be found in the recent genus Selaginella. When
he himself wrote on the subject he merely accepted the cha-

racters of Ulodendron, and his only important difference from the

Author was as to the organs borne by the Ulodendroid scars.

There was a difficulty in the way of accepting them as cones in the

fact that the scar is surrounded by a ring or distinct cicatrix where

there was a connexion of tissue ; if so, impressions of leaves within

the scar could not be left. All the markings on the lower portion

of the scar are circular, indicating the places where vascular bundles

passed through. In the upper part they are drawn out. Hence
he had considered the organs borne by these scars as aerial roots,

such as occur in the Selaginellce of the present day, allied to the

Lycopods of the Coal-measures. The important point is, whether the

12
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marks on the scar are marks of leaves or marks of bundles. Pro-
bably these sears are found in different genera, but the scars may
be of as great importance as the leaf-scars themselves for grouping
the plants in genera. He thought the cushions and permanent
leaf-bases, as in some living Cycads and Lycopods, were parts of

the leaf, not parts of the stem.

Prof, EoxD Dawkins said that he had a large collection of Coal-

plants under his charge in the Manchester Museum, including forms
similar to those exhibited by the Author. This collection throws
much light upon Lepidodendroid plants, and he agreed with the

Author as to the propriety of classing together the various forms of

Lejpidodendra and Sigillarioe. Prof. Williamson regarded all the

species named as merely forms of Lepidodendroid plants. He was
inclined to regard the Ulodendroid scars as impressions of seed-

cones, and not of aerial roots, because on the best specimens of

these scars there are impressions of whorls of leaves or modified

leaves. In these plants the bark consists of several layers ; hence
arise the various patterns exhibited, which have led to the estab-

lishment of different genera.

Prof. Seelet said that in former years he had worked through

some collections of Coal-plants. If Ulodendron were a good genus,

then the internal difference of structure between SigiUaria and Le-

pidodendron could not be general. The character of Ulodendron is

apparently of not less value morphologically than the form of the

leaf-scar. And, whatever the Ulodendron structure implied, Ulo-

dendroid scars had been described by M'Coy in a slightly modified

SigiUarian trunk, running round the stem instead of vertically.

M'Coy thought that they were the places of attachment of rootlets.

The phenomena seemed to be in favour of the development of fruit-

organs, and not of roots from the Ulodendroid scars.

The Atjthoe, in reply, remarked on the generic distinctions be-

tween the leaf-scars of Lepidodendron and SigiUaria. The constancy

of leaf-scars throughout the plants shows that there are real generic

distinctions between them. Some of the specimens exhibited

showed the mode of attachment of the appendicular organ, and

these could not be scars of appendicular roots, because they contain

markings due apparently to leaves. The particular specimen on

which Mr. Carruthers mainly founded his notion of aerial roots was

not, in the Author's opinion, Ulodendroid at aU. The genus Arthro-

pilus ?, described by M'Coy, was founded on a badly preserved com-

pressed stem.

2. " On an almost perfect Skeleton of Bhytina gigas = Bhytina

>SfeZZeW('Steller's Sea-cow') obtained by Mr. Eobert Damon, F.G.S.,

from the Pleistocene Peat-deposits on Behring's Island." By
Henry Woodward, LL.D., F.E.S., F.G.S.

The following specimens were exhibited :

—

Eecent skulls of male and female Dugong {Hdlicore australis) and



PEOCEEDINGS OF THE GEOLOGICAL SOCIETY. lOI

skull of Manatus senegalensis, also casts of bones of the Extinct

Bhytina from Behring's Island, exhibited by Dr. Henry Woodward,
F.R.S., r.G.S., in illustration of his paper.

A collection of plant-remains, exhibited by R. Kidston, Esq.,

r.G.S., in illustration of his paper.

Photographs of Elasmotherium from Post-Tertiary deposits at

Novousenk, Gov. Samara, Russia, exhibited by Dr. Henry Wood-
ward, F.II.S., F.G.S.

April 15, 1885.

Prof. T. G. BoNNEY, D.Sc, LL.D., P.R.S., President, in the Chair.

John Rudd Leeson, M.D., CM. (Edin.), M.R.C.S. Eng., 6 CopthaU,

Twickenham, Middlesex, was elected a Eellow of the Society.

The List of Donations to the Library was read.

The Secretary announced that a Kit-cat portrait of the late Sir

Henry De la Beche, painted in oil-colours by H. W. Pickersgill,

R.A., had been presented to the Society by the President ; and that

Messrs. Maull and Eox had presented 146 coxnes of photographs of

Fellows of the Society.

The following communications were read :

—

1. "A General Section of the Bagshot Strata from Aldershot to

Wokingham." By the Rev. A. Irving, B.Sc, B.A., F.G.S.

2. " IS^otes on the Polyzoa and Foraminifera of the Cambridge

Greensand." By G. R. Vine, Esq. (Communicated by Thomas Jes-

son, Esq., F.G.S.)

[Abstract.]

After commenting on the want of published information con-

cerning the Polyzoa of the Cambridge Greensand, as shown by the

fact that none are mentioned in Mr. Jukes-Browne's list of the fossils

(Quart. Journ. Geol. Soc. xxxi. p. 305), the author proceeded to

explain the circumstances under which he had been entrusted with

the whole of Mr. T. Jesson's collection from the coprolite-bed for

description. The collection is large and important, and the Polyzoa

contained in it exhibit a facies distinct from that of the Jurassic beds

on the one hand and of the Upper Chalk on the other. There is but

little similarity between the collection now described and the forms

known from Warminster and Farringdon. The majority of the

Cambridge-Greensand Polyzoa occurred unattached to any matrix

;
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but several examples of attachnient have been observed, chiefly to

Ostrea, Radiolites, and species of Cidaris.

A list showing the range of the species described preceded the

actual descriptions of the following kinds of Polyzoa and Forami-
nifera, with notes on their relations &c. It included :

—

POLTZOA.

Stomatopora gracilis, Milne-Edw. Lichenopora, sp,

Idmonea dorsata, Hagenow. ? paucipora, Vine.

Entalophora raripora, B' Orb. Dromopora stellata, Goldfuss.

Jessonii, sp. nov. polytaxis, Hagenow.
striatopora, sp. noy. Osculipora plebeia, NovaU.
gigantopora, sp. nov. Truncatula, sp.

Diastopora cretacea, Vine. Membranipora cantabrigiensis, sp.

, var. lineata, Tar. nov. nov.

fecunda, sp, nov. Microporella, sp. (? antiquata).

megalopora, sp. nov. Lunularia cretacea, Defr. ^^ D'Orh.

FoEAMISriFEEA.

Webbina Isevis, Sollas. Trochammina irregularis ?, D* Orb,
tuberculata, Sollas. Textularia, sp.

The following specimens were exhibited :

—

Specimens exhibited by the Eev. A. Irving, F.G-.S., and G. E.
Viue, Esq., in illustration of their papers.

Sand-worn stones from Hokitika. N'ew Zealand, exhibited by

W. D. CampbeU, Esq., F.G.S.

Specimens illustrating the paper lately read by J. H. Collins,

Esq., F.G.S., on the Eio Tinto district.

AprU 29, 1885.

Prof. T. G. BoMfHT, D.Sc, LL.D., F.E.S., President, in the Chair.

James Backhouse, Esq., West Bank, York; Percy Bosworth

Smith, Esq.; Assoc. E.S.II., Government Mineralogist to the Madras
Presidency, Madras ; and James Shipman, Esq., 8 Manning Grove,

The Chase, N'ottingham, were elected FeUows of the Society.

The List of Donations to the Library was read.

The following communications were read :

—

1. " On the Structure of the Ambulacra of some Fossil Genera

and Species of Eegular Echinoidea." By Prof. P. Martin Duncan,

M.B. (Lond.), F.E.S., V.P. Linn. Soc, F.G.S.
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2. "The Glacial Period in Australia." By K. von Lendenf'eld,

Ph.D. (Communicated by ^Y. T. Blanford, LL.D., r.R.S., Sec. G.S.)

[Abstract.]

Although several previous writers have suggested that boulders

and gravels found in different parts of Australia are of glacial origin,

the evidence is vague, and no clear proof of glaciation has been
brought forward. During a recent ascent of the highest ranges in

Australia, parts of the Australian Alps, the author succeeded in

discovering a peak which he named Mount Clarke, 7256 feet high,

and in finding traces of glaciation in the form of roches moutoanees

throughout an area of about 100 square miles. The best-preserved

of the ice-worn surfaces were found in a valley named by the author

the Wilkinson Yalley, running from IN'.E. to S.W., immediately south

of Miiller's Peak and the Abbot Eange. No traces of ice-action

were found at less than 5800 feet above the sea.

The rocks showing ice-action are all granitic, and the fact that

the surfaces have been polished by glaciers is said to be proved by
the great size of such surfaces, by their occurrence on spurs and
projecting points, by many of them being worn down to the same
general level, and by their not coinciding in direction with the joints

that traverse the rock.

In conclusion the author briefly compared the evidence of glacial

action in Australia with that in New Zealand.

Discussion.

The President said that he considered that more evidence was
necessary in order to establish the point contended for by the

author. All his proofs were founded on granite, which had a con-

stant tendency to form rounded bosses. The fact that the supposed

roches moutonnees occurred on spurs rendered the matter still more
doubtful, seeing • that in small glaciated tracts such surfaces were
chiefly found in valleys. It was a remarkable and, to him, a very

suspicious fact that no moraines or perched blocks were noticed. In
fact the only point of importance adduced in favour of the author's

view seemed to be the difference in the direction of the joint-planes

and of the rounded surfaces, and this he thought insufficient.

Mr. BLA]srpoE,D agreed with the President, and mentioned examples

of the occurrence, in the plains of India, where glaciation was out

of the question, of granite surfaces simulating roches moutonnees, and

of larger dimensions than those cited by the author. It seemed to

him not impossible that Dr. von Lendenfeld was right; but the

evidence brought forward was certainly not suflicient. The circum-

stance most in favour of a glacial origin for the supposed roches

moutonnees was their restriction to a particular elevation.

3. " The Physical Conditions involved in the Injection, Extrusion,

and Cooling of Ig-neous Matter." By H. J. Johnston -Lavis, M.D.,

F.G.S., &c.

[Abstract*.]

The great disproportion between the displays of volcanic acti\dty

* This paper has been withdrawn by permission of the Council.
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in the same volcano at different times, and between the eruptions

of different volcanoes, is a subject deserving the most attentive con-

sideration. The violence of a volcanic outburst does not bear any
relation to the quantity of material ejected. The union of water
with lavas may be compared with the solution of a gas in water

;

but there is reason to believe that in their deep-seated sources lavas

contain little or no water. If igneous matter be extruded through
dry strata, the eruption might take place without explosive manifes-

tations. But if igneous matter be extruded through water-bearing

beds, a kind of dialysis would take place between the igneous and
aqueous masses. The amount of water dissolved in the magma will

be proportional to the length of time it is in contact with the aqui-

ferous strata, the pressure, and the temperature of the fluid rock
;

the violence of the eruption will depend upon the amount of igneous

matter, the quantity of water dissolved in it, and its temperature

when it reaches the surface.

The intrusion of igneous matter into dry or nearly dry strata,

the temperature and bulk of the magma will determine whether a

sahlband is formed, or formed and re-fused, whether the rock cools

quickly, forming a fine-grained structure, or very slowly, in which
the result would be a coarse granite or syenite, according to the

composition of the magma.
The author showed how the cleavage- and stratification-planes ef

rocks are suitable to the retention of subterranean heat. Intrusion

of igneous matter into water-bearing strata was then studied, and it

was shown that a process of dialysis goes on between the colloidal

magma and the water in the porous strata, resulting in many inter-

esting phenomena. The loss of heat in the magma from the ab-

sorption of water will be little, and only that necessary to raise the

water to its own temperature. It was shown how this absorption of

water will result in the rupturing of the fissure towards the surface
;

and the mechanism of a certain group of earthquakes was investi-

gated. The occurrence of vesicular structure in dykes was discussed ;

the mode of formation and probable process of re-obliteration is

dependent upon the variation in pressure, temperature, &c. resulting

from the enlargement of the fissure. It was then shown that the

cooling of a dyke-mass wiU depend on the following conditions :

—

(a) Loss of heat from conduction away by the surrounding

rocks.

(h) Eaising the acquired water to the mean temperature of

the fluid of the fused silicates in which it is dissolved.

(c) Heat-loss in consequence of expansion during extension

of fissure.

(d) Gradual escape of water in the form of steam or vapour

through fissures, so supplying fumaroles.

(e) Convection-currents of water forming geysers or thermo-

mineral springs.

The author combatted the theory that the simple contact of the

molten rock with water-bearing strata is the cause of an eruption.



PROCEEDINGS OP THE GEOLOGICAL SOCIETY. IO5

The extrusion or eruption of igneous matter into the atmosphere

was then studied, and it was shown that one of the irregularities in

eruptive activity is due to the varying conditions which different parts

of the magma have undergone before reaching the surface. The
main varieties of volcanic outbursts were discussed : the violence is

dependent upon the amount of magma and its contained water,

which on relief of pressure expands with enormous rapidity, tending

to reduce the whole mass to 100°. This process in explosive erup-

tions accounts for the pumice and the vitreous structure of this type

of eruption. The remarkable fact that the pumice-beds resulting

from any basic explosive eruption are vitreous towards the bottom

and become more crystalline as we approach the surface, was shown
to be due to the slower cooling in consequence of less absorption of

heat in converting water into steam as the eruption progresses.

The various conditions which bring about the extinction of a vol-

cano were then pointed out. The higher the volcano the more violent

will be its eruptions ; but the intervals wiU be greater. The mecha-

nism of a lateral outburst was then demonstrated. The amount of

lava escaping from a given point laterally is far more than that

contained in the chimney above, which is due to the welling-up of

the portion below when relieved from the pressure of the column

that occupied the upper part of the chimney.

The discussion of the effect of the presence of volatile matter

in modifying the composition and structure of igneous rocks is so

long and intricate that it is impossible to render it in abstract ; the

eruptive phases of Monte Somma, Eoccamonfina, Monte Yulture,

Yentotene, and Monte Nuovo are given as examples. The difference

of the rocks produced will depend on

—

(a) Composition of the original magma.
(6) Pre-eruptive temperature of the same.

(c) Amount of enclosed volatile matter.

{d) Amount of pre-eruptive crystallization.

{e) Rapidity of ejection.

(/) Height of projection.

{g) Temperature of the atmosphere.

In the first appearance of a volcano, or the reawakening of one,

vitreous pumiceous fragmentary products first appear, and pass by
way of more microcrystalline pumice, pumiceous scoria, to actual

lava outflows. Scoria differs from pumice in that the vesicular

structure is derived from other portions of the magma, whereas in

pumice it is formed, where found, by the intermolecular expansion

and union of the resulting steam into bubbles. Yesicularity of

lavas depends upon the amount of dissolved water and the viscosity

of the mass.

Yolcanic ashes are the result either of the complete reduction of

the magma to a powder by the enormous and rapid expansion of the

magma in explosive eruptions, or of the grinding-up of the accessory

ejectamenta derived from the crater-sides or from accidental ejecta-

menta that may lie beneath the volcano, and into which the apex
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of the crater may reach. In no case can an analysis of ash give

an accurate idea of the composition of the magma.
The structure and composition of igneous rocks were next dis-

cussed. It was shown that such minerals as amphibole, orthoclase,

and some micas are pre-eruptive as to crystallization, whereas leu-

cite and its allies, with pyroxene, are either formed in dykes under
low pressure or by prolonged recuit in the volcanic chimney, or after

expulsion. The order of formation of these minerals is quite diffe-

rent from their fusibilities, because they may be regarded as dissolved

in the magma, and separate according to their degree of solubilit}'

in the glassy magma and according to the different elements, their

proportions, and their affinities. The part played by the chlorides

and sulphates as solvents of silicates was discussed, and it was shown
how by their decomposition the hydrochloric and sulphuric acids

escape in the volcanic vapour, and how the bases may aid in render-

ing the magma more basic. These facts are borne out in the arti-

ficial production of rocks and minerals.

The author maintained that throughout the whole paper his

arguments were based on known facts and physical laws.

Discussion.

Prof. Peesiwich was inclined to agree with the author in his

.view that the contact of heated lava with water-bearing strata was

an efficient cause of volcanic activity, but on some other points he

could not agree with him.

The following specimens were exhibited :

—

Specimens of Echinoderms showing the structure of the ambulacra,

exhibited by Prof. P. Martin Duncan in illustration of his paper.

May 13, 1885.

Prof. T. G. Bonnet, D.Sc, LL.D., P.B-.S., President, in the Chair.

WiUiam Horton Ellis, Esq., J.P., Hartwell House, Pennsylvania,

Exeter, and Prof. J. Hoyes Panton, M.A., Agricultural College,

Guelph, Ontario, were elected PeUows ; and Prof. J. Gosselet, of

Lille, a Eoreign Member of the Society.

The List of Donations to the Library was read.

The Secretary announced that Dr. John Evans, F.E.S., E.G.S.,

had presented a copy of his photographic portrait.

The following communications were read :

—

1. "On the Ostracoda of the Purbeck Formation; with l^otes

on the Wealden Species." By Prof. T. Rupert Jones, F.R.S.,

F.a.s.
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2. " Evidence of the Action of Land-ice at Great Crosby, Lanca-

shire." By T. Mellard Eeade, Esq., F.K.S.

3. " The North-Wales and Shrewsbury Coal-fields." By D. C.

Davies, Esq., E.G.S.

[Abstract *.]

After discussing the origin of Coal-beds, and the causes of their

rariation in structure and quality, the author proceeded to describe

the North Wales and Shrewsbury Coal-field, which consists of three

parts:—(1) The Shrewsbury field south of the Severn, exclusively

composed of Upper Coal-measures
; (2) the tracts north of the

Severn, extending from near Oswestry to north of Wrexham ; and

(3) the Elintshire Coal-field. The first and second are separated

from each other by the alluvial plain of the Severn and Yyrnwy,
and the second and third by the Great Bala and Yule faults.

Some remarks on the scenery of the Welsh border-land followed,

and then a general section of the Carboniferous system,as developed

in the country described, was given, the Permian beds being in-

cluded, as the Author considered them the upper portion of one

great division of Palaeozoic time. The section was as follows, with
the maximum thickness of each subdivision :

—

Thickness in yards.

1. Dark red Sandstone 210
"]

2. Iftou or St. Martin's Coal-measures '''^
I P * 590 a'd-

3. Eed marls with calcareous matter 180
j

® ' ^

4. Green rocks and Conglomerates 125 J
5. Upper Coal-measures 80^
6. Cefn rock to Cefn coal 100

|
^ -,

7. Cefn coal to Lower yard-coal 270 }- ^^''^g
g^'^'^^'^J'

8. Lower yard-coal to Chwarcle coal 80
|

^ '

9. Chwarcle coal to Millstone Grit 136 J

1255 yards.

A detailed description of the strata was next given, beginning

with the lowest, together with details of each coal-seam as worked
in various parts of the field. After describing the beds from the

Millstone Grit to the Cefn rock in the North-Wales coal-field, the

Author proceeded to notice the Upper Coal-measures and Permian
strata in the Shrewsburj' area, andshowed that no break exists between
the two, the former passing gradually into the latter. He then

discussed the probability of Lower Coal-measures existing beneath

the upper beds near Shrewsbury, and showed from sections that the

existence of the lower measures might be anticipated. A similar

inquiry as to the presence of the Coal-measures beneath the New
Eed Sandstone of the Yale of Clwyd should also, in the Author's

opinion, be answered in the afiirmative.

The organic remains found in the different beds were briefly

noticed, and then the faults of the district were discussed at some

* This paper has been withdrawn by permission of the Council.
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length. The principal faults mn north and south, with an upthrow to

the east, but are crossed by lines of fracture running east and west.

In conclusion, the correlation of the strata in the Xorth Wales
and Shrewsbury coal-fields, and especially of the coal-seams, with
the beds found in other parts of Great Britain, was discussed, and
a section was given to show the representation of the different

measures in various coal-basins. The Author was disposed to adopt
four subdivisions rather than three only, as usually accepted, and
pointed out some of the characteristics of each subdivision.

Discrssio^^.

Mr. Baterxa^s- remarked that but little attention had hitherto

been paid to the interesting Coal-fields described by the Author, to

whom thanks were due for the careful sections which he had made
of them. Although the yield of these basins was not large when
compared with those of the north of England and South Wales, they

formed part of one of the largest deep-ljing Carboniferous areas

in the country, being the western limit of the great basin under-

lying the plain of Cheshire. He thought, however, that the

Author's correlation of the seams throughout the whole of the

English Coal-field (apart from that of iS'orthumberland and Durham)
was somewhat fanciful. That particular seams, say in the TVigan

district, could be proved to be the exact equivalents of others in

South Wales, and that both were exactly represented in interme-

diate basins, such as the Eorest of Wyre, appeared to be exceedingly

improbable.

The following specimens were exhibited :

—

Specimens of Purbeck Ostracoda, exhibited by Prof. T. Eupert

Jones, F.E.S., F.G.S., in illustration of his paper.

Zinc-spinel and willemite, formed in a zinc-retort, exhibited by

H. Bauerman, Esq., E.G.S.

May 27, 1885.

Prof. T. G. Bonnet, D.Sc, LL.D, F.K.S., President, in the Chair.

George Ormond Xekewich, Esq., &2 Lansdowne Koad, dotting

HiU, W., was elected a Eellow of the Society.

The List of Donations to the Library was read.

The Secretary- announced that six slides of Fossil Cyclostomatous

Bryozoa from Muddv Creek, South Australia, illustrating the paper

in Q. J. G. S. vol. xi. p. 674, by A. W. Waters, Esq., E.G.S., had

been presented to the Museum by J. Bracebridge Wilson, Esq., of

Geelong, South Australia.
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The following connnunications were read :

—

1. "On the so-called Diorite of Little Knott (Cumberland), with

further Kemarks on the Occurrence of Picrites in Wales." By Prof.

T. G. Bonney, D.Sc, LL.D. P.R.S., Pres.G.S.

2. " Sketches of South-African Geology.—No. 2. A Sketch of the

Gold-Pields of the Transvaal, South Africa." By AY. H. Penning,

Esq., F.G.S.

3. " On some Erratics in the Boulder-clay of Cheshire &c., and

the Conditions of Climate they denote." By Charles Eicketts, M.D.,

F.G.S.

The following specimens were exhibited :

—

Microscopic rock-sections and rock specimens, exhibited by the

President, in illustration of his paper.

Boulders, &c., exhibited by Dr. Ricketts, in illustration of his

paper.

June 10, 1885.

Prof. T. G. BoNXEY, D.Sc., LL.D., E.R.S., President, in the Chair.

The List of Donations to the Library was read.

The following names of Fellows of the Society were read out for

the first time, in conformity with the Bye-laws Sec. vi. B. Art. 6, in

consequence of the non-payment of the arrears of their contribu-

tions : —G. Bock, Esq., Rev. S. Gasking, and W. Low, Esq.

The following communications were read :

—

1. " Note on the Sternal Apparatus in Iguanodon.^^ By J. W.
Hulke, Esq., F.R.S., Y.P.G.S.

2. " The Lower Palseozoic Rocks of the Neighbourhood of Haver-

fordwest." By J. E. Marr, Esq., M.A., F.G.S., and T. Roberts,

Esq., B.A., F.G.S.

3. "On certain Fossiliferous Nodules and Fragments of Hsematite

(sometimes Magnetite) from the (so-called) Permian Breccias of

Leicestershire and South Derbyshire." By W. S. Gresley, Esq.,

F.G.S.

[Abstract.]

In this paper the author described certain pebbles of haematite

and magnetite which occur in the so-called Permian breccias on
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the western margin of the Ashby-de-la-Zouch Coalfield. These
pebbles, which are collected for sale and used as " burnishers " (for

which their extreme hardness qualifies them) vary from a diameter

of -j-\)- inch to the size of a man's fist. They present many
varieties of form, usually rounded and often very smooth, angular,

and subangular ; a few contain cavites, which are often lined with
fibrous botryoidal ore, or contain a group of crystals of calcite, or a

kernel of soft pea-ore ; have sometimes an agate-like, and rarely a

columnar structure, and occasionally exhibit well-marked magnetic
polarity, others being simply magnetic. Sometimes they show
dimpling, also grooving and striation resembling those produced by
ice-action, whilst at other times they seem to have been crushed

and recemented ; many of these markings are doubtless due to oscil-

latory movement of the rocks en masse. Many of these pebbles

contain fossils of various kinds, chiefly plant- and insect-remains,

but with a few of Annelids, Mollusca, and Fish (?). All the fossils are

of Carboniferous age (Coal-measures, for the most part). Amongst
the associated rock-fragments in the breccias many bits exhibiting

cone-in-cone structure occur, composed chiefly of a close-grained

quartzose material ; and a specimen showing the cones whose axes

lie in radiating lines (the cones facing upwards, downwards, and
sideways or fan-shaped) has been noticed for the first time.

From the consideration of all the facts detailed in the paper, the

Author concluded that the nodules were originally composed of

clay-ironstone, and that they were derived from the Coal-measures,

whilst other fragments were possibly of older date. He considered

that the pseudomorphic action by which they have acquired their

present composition must have taken place in situ since their inclusion

in the breccia.

Discussion.

The Pkesident believed, from a study of the specimens in the

Jermyn-Street Museum, that there was no evidence of the action of

ice in the Permian breccias to which allusion had been made by the

Author, but that the striation of the fragments, like the dimpling

and crushing in the pebbles of more than one conglomerate, were

due to movements of the rocks.

Prof. Hughes regretted the absence of specimens. He could

not understand the identity in mineralogical character of the pebbles

with fossils, and of those with cone-in-cone structure.

The following specimens were exhibited :

—

A specimen showing the clavicles and inter-clavicle of Iguanodon,

in situ, exhibited by J. W. Hulke, Esq., F.E.S., Y.P.G.S., in illustra-

tion of his paper.

Palaeozoic fossils, exhibited by J. E. Marr, Esq., E.G.S., and

T. Eoberts, Esq., F.G.S., in illustration of their paper.
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June 24, 1885.

Prof. T. G. BoifNET, D.Sc, LL.D., F.Ii.S., President, in the Chair.

John Macdonaid Cameron, Esq., 36 AVeltje Eoad, Hammersmith,
W. ; Matthew HecKels, Esq., Walker-on-Tyne, near jS'ewcastle-on-

Tyne ; and Eobert H. Williams, Esq., Assoc. M. Inst. C.E., Cuddra,
near St. Austell, Cornwall, were elected Eellows of the Society.

The List of Donations to the Library was read.

The following names of Eellows of the Society were read out foi

the second time, in conformity with the Byelaws, Sec. vi. B. Art. 6,

in consequence of the non-payment of the arrears of their contribu-

tions :—C. Bock, Esq., Eev. S. Gasking, and W. Low, Esq.

The following communications were read :

—

1. " Supplementary Notes on the Deep Boring at Eichmond,
Surrey." By Prof. John W. Judd, E.E.S., Sec. G.S., and Collett

Homersham, Esq., F.G.S.

2. " On the Igneous and Associated Eocks of the Breidden HiUs
in East Montgomeryshire and West Shropshire." By W. W. Watts,

Esq., E.G.S.

3. " iSTote on the Zoological Position of the genus Microchcerus,

Wood, and its apparent Identity with Hyojpsodus, Leidy." By E.

Lydekker, Esq., B.A., E.G.S.

4. *' Observations on some imperfectly known Madreporaria from

the Cretaceous Eormation of England." By E. E. Tomes, Esq.,

E.G.S.

[Abstract.]

This communication contained notes on several species of Cre-

taceous corals. The author considered that Smilotroclius insignis of

Duncan must be referred to the genus CeratotrocJms ; that JS. grami-

latus. Duncan, was founded on immature specimens of Trochocyathus

Wiltshirei, Duncan ; that Micrahacia Fittoni, Duncan, is a variety

of Gyclocyathus Fittoni ; that the genus Podoseris, Duncan, and pro-

bably Syzygojyhyllum, Eeuss, are the same as Rliizangia, M.-Edw.
and Haime, and consequently P. mamilliformis, Duncan, and P.

elongata, Duncan, are species of Bhizangia. He further stated that

Turbiiioseris, Duncan, is identical with Leptopliyllia, Eeuss, and

as the specific name de Fromenteli is preoccupied in the latter genus,

he proposed to substitute the name Lej^tojpliyllia cmglica, Tomes, for

Turbinoseris de Fromenteli, Duncan. A new species, probably of

Smilotroclius, from the Gault of Eolkestone, and a new Isastrcea from

Atherfield were described, and notes added on the occurrence in

British localities of Barysmilia tuberosa, Eeuss, B. Cordieri, M.-Edw.
VOL. XLI. m
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and Haime, PleurosmiUa neocomiensis, E. de From., of a small form

of Astrocoenia^ and o£ Isastrcea Reussiana, M.-Edw. and Haime
(= UlopJiyHia crispa, Heuss). The occurrence of Beaicmontia

Egertoni, derived from the Carboniferous Limestone, in the Upper
Greensand of Cambridge, was also recorded.

Discussion'.

Dr. DuKCA^^ said that the specimens called Ceratotrochiis by Mr.
Tomes -were not before the Society, and that with one or two ex-

ceptions the other forms remarked upon were represented by very

indifferent specimens. The so-called Hhizangia had no stoloni-

ferous part and had synapticulae, therefore it did not belong to the

genus, but to that to which he (Dr. Duncan) had assigned the

Hunstanton coral in the Palseontographical Society's Memoir. He
was satisfied that the types of Smilotrochus he had examined, and
which were well drawn by De Wilde, had no columellge. He ob-

jected to the use of the term " imperfectly known " in the title of

the paper, as it reflected even upon the work of Mr. Tomes. He
would have preferred M. Cotteau's term " little known."

5. " Correlations of the Curiosity-Shop Beds, Canterbury, New
Zealand." By Capt. E. W. Hutton, E.G.S.

6. "On the Eossil Elora of Sagor in Carniola." By Constantin

Baron von Ettingshausen, E.C.G.S.

The following specimens were exhibited :

—

Specimens, exhibited by Prof. J. W. Judd and C. Homersham,
Esq., in illustration of their paper.

Eock specimens and fossils, exhibited by W. "W. "Watts, Esq., in

illustration of his paper.

Specimens of Labyrinthodont fossils belonging to Mastodonsaurus

and a form allied to Capitosaurus, from Central India, and of

Hyperodapedon, from India and Warwickshire, exhibited by E.

Lydekker, Esq.

Specimens from the well-borings at Chatham Dockyard, Crossness,

and Harwich, exhibited by the Director-General of the Geological

Survey.

A series of fossiliferous nodules and fragments of haematite from

the Permian breccias of Leicestershire and South Derbyshire, ex-

hibited by W. S. Gresley, Esq., in illustration of his paper, read on
the 10th inst.

Cretaceous Corals, exhibited by E. E. Tomes, Esq., in illustration

of his paper.
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Presented by the respective Societies and Editors, if not otheriuise
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Academy. Js^os. 634-660. 1884.

. Nos. 661-685. 1885.

Analyst. Vol. ix. Nos. 100-105. 1884.

. Vol. X. IS'os. 106-111. 1885.

Annals and Magazine of I^atural History. Ser. 5. Vol. xiv. Nos.

79-84. 1884. Purchased,

H. J. Carter. On tlie Spongia coriacea of Montagu, = Leucosolenia

coriacea, Bk., together with a new Variety of Leucosolenia lacunosa, Bk.,

elucidating the Spicular Structure of some of the Fossil Calcispongiae

;

followed by illustrations of the Pin-like .Spicules on Verticillites helveticaj

De Loriol, 17.—G. R. Vine. Notes on Species of Ascodictyon and Rho-
palonaria horn the Wenlock Shales, 77.—R. Kidston. On a new Species

of Lycopodites, Goldenberg (L. Stochii), from the Calciferous-Sandstone

Series of Scotland, 111.—A. de Quatrefages. Moas and Moa-hunters,

124, 159.—R. Etheridge, jun., and Arthur H. Foord. On two Species of

Alveolites and one of Amplexopora from the Devonian Rocks of Northern
Queensland, 175,—P. M. Duncan and W. P. Sladen. The Classificatory

Position of Hemiaster elongatus, Duncan and Sladen : a Reply to a Criti-

cism by Prof. Sven Loven, 225.—S. H. Scudder. Triassic Insects from
the Rocky Mountains, 254.—K. A. Zittel. On Astylospongidse and
Anomocladina, 271.—R. Etheridge, jun., and A. H. Foord. Descriptions

of Palaeozoic Corals in the Collections of the British Museum (Nat. Hist.),

No. H,, 314.—T. Rupert Jones. Notes on the Palaeozoic Bivalved Ento-
mostraca, No. XVII. Some North-American Leperditiae and aUied Forms,
339.—T. Rupert Jones. Notes on the Palaeozoic Bivalved Entomostraca,
No. XVni. Some Species of the Entomididae, 391.

. . Vol. XV. Nos. 85-90. 1885. Purchased.

P. M. Duncan. On the Classificatory Position of Hemiaster elongatusj 72.

m2
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-^Gr. Lindstrom. A Scorpion from tlie Silurian Formation of Sweden, 76.—F. W. Hntton. Tlie Origin of the Fauna and Flora of New Zealand,
77.—Gr. J. Hinde. Description of a new Species of Crinoids witli Articu-
lating Spines, 157.—T. Eupert Jones. Notes on tlie Palaeozoic BiyalTed
Entoniostraca,iSro. XIX. On some Carboniferous Species of theOstracodous
Genus KirTibya, Jones, 174.—C. Brongniart. On the Discovery of an
Impression of an Insect in the Silurian Sandstone of Jm-queg (Calrados),
355.—R. Kidston. On some new or little-known Fossil Lycopods from
the Carhoniferous Formation, 357.—S. H. Scudder. New' Genera and
Species of Fossil Cockroaches from the Older American Eocks, 408.

—

R. Kidston. Notes on some Fossil Plants collected by jVIr. E. Dunlop,
Airdrie, from the Lanarkshire Coal-field, 473.
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Athensenm (Journal). Nos. 2957-2983. 1884.

. Nos. 2984-3007. 1885.

. Parts 678-684. 1884.
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Barnsley. Midland Institute of Mining, Civil, and Mechanical
Engineers. Transactions. Yol. ix. Parts 72-74. 1884.
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. . . YoLx. Part 75. 1885.

Basel. Soeiete Paleontologique Suisse. Memoires. Yol. xi. 1884.
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—

H. Haas. Etude monogTaphique et critique des Brachiopodes Rhetiens et
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Bath. Natural-Histor}^ and Ajitiquarian Field Club. Proceedings.
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Belfast. Natural-History and Philosophical Society. Report and
Proceedings for 1883-84. 1884.

M. F. Heddle. On Agates, 14.

. Naturalists' Field Club. Annual Report and Proceedings,

1883-84. Ser. 2. Yol. ii. Part 4. 1884.

J. S. Gardner. The Age of the Basalts of the North-eastAtlantic, 254.

Berlin. Deutsche Geologische Gesellschaft. Zeitschrift. Band xxxvi.

Hefte 1-4. 1884.

Fr. Pfaif. Zur Frage der Yeranderungen des Meeresspiegels durch den
Einfluss des Landes, 1.—A. Grabbe. Beitrage zur Kenntniss der Schild-

kroten des deutschen "VYealden, 17.—G. R. Lepsius. Leber ein neues

Quecksilber-Seismometer und die Erdbeben im J. 1883 bei Darmstadt,

29.—S. Nikitin. Diluvium, Alluvium, Eluvium, 37.—E. von Duni-
kowski. Geologische Untersuchungen in Russisch-Podolien, 41.—E.



ADDITIONS TO THE LIBRAEY. 1 1

5

Tietze. Die Versuche einer Gliederung des imteren Neogen in den
osterreichisclien Landern, 68.—F. Sandberger. Ueber den Bimsstein uud
TrachjttuiF von Schoneberg auf deni Westerwalde, ].22.

—

G. Guricli.

Ueber einige Saurier des obersclilesischen Muschelkalkes, 125.—H. Keil-

hack. Ueber postgiaciale Meeresablagerungen in Island, 145.—H. Eck.
Zui* Gliederung des Buntsandstein im Odenwald, 161.—A. Jentzsch.

Ueber Diatomeen-fiihrende Schichten des vrestpreussischen Diluviums,
169.—A. G. Nathorst. Ueber cambriscbe Meduseu, 177.—E. Beyricli.

Erlauterungen zu den Goniatiten L. v. Buck's, 203.—G. Eammelsberg.
Ueber die Gruppen des Skapoliths, Okabasits und Pkillipsits, 220.

—

E. Schmidt, Einige Mittkeilimgen iiber die gegenwartige Kenntniss der
glacialen und postglacialen Bildungen im siluriscken Gebiet von Ekstland,
Oesel und Ingermanland; 248.—V. Uhlig. Ueber die Diluvialbildungen
bei Biikowna am Dnjestr, 274.—G. Stache. Ueber die Silurbildungen
der Ostalpen mit Bemerkungen iiber die Devon-, Carbon- und Perm-
Sckicliten dieses Gebietes, 277.—K. Dalmer. Ueber das Vorkommen von
Culm und Kohlenkalk bei Wildenfels imweit Zwickau in Sacksen, 379.

—

C. W. von Giimbel. Ueber die Besckaffenkeit der MoUusken-Sckalen,
383.—J. Felix. Korallen aus agyptiscken Tertiarbildungen, 415.—E.
Holzapfel. Ueber einige wicktige Mollusken der Aackener Kreide, 454.

—A. Wickmann. Ueber Gesteine von Labrador, 485.—E. Koken. Ueber
Fisck-Otolitken, insbesondere iiber diejenigen der norddeutscken Oligocan-
Ablagerungen, 500.—F. E. Geinitz. Ueber die Fauna des Dobbertiner
Lias, 566.—^A. Seeck. Beitrag zur Kenntniss der granitiscken Diluvial-

gesckiebe in den Provinzen Ost- und Westpreussen, 584.—G. Vom Rath.
Einige AVakrnekmungen langs der Nord-Pacific-Bakn zwiscken Helena,
der Hauptstadt Montauas, und den Dalles (Oregon) am Ostabkange des
Kaskaden-Gebirges, 629.—A. von Groddeck. Zur Kenntniss der Zinnerz-

lagerstatte des Mount Bisckoff in Tasmanien, 642.—F. J. P. van Calker.

Beitrage zur Kenntniss des Groninger Diluviums, 713.—G. Bokm. Bei-
trage ziu' Kenntniss der grauen Kalk in Venetien, 737.—H. Vater. Die
fossilen Holzer der Pkospkoritlager des Herzogtkums Braunsckweig, 788.

—F. E. Geinitz. Ueber ein Graptolitken-fiikrendes Gesckiebe mit
Cyathaspis von Rostock, 854.—C. E. Weiss. Ueber den Porpkyr mit
sogenannter Fluidal-Structur von Tkal im Tkiiringer Wald, 858.

—

J. G. Bornemann, sen. Cyclopelta Winteri, erne Bryozoe aus dem Eifeler

Mitteldevon, 864.—G. Berendt. Kreide und Tertiar von Finkenwalde
bei Stettin, 866.—C. Gottscke. Auffindung cambriscker Sckickten in

Korea, 875.—K. Dakner. Ueber den Koklenkalk von Wildenfels in

Sacksen, 876.

Berlin. Deutsche Geologiscke Gesellschaft. Zeitschrift. Bandxxxvii.
Heft 1. 1885.

Branco. Ueber die Anfangskammer von Bactrites, 1.—A. Becker.

Schmelzversuche mit Pyroxenen und Amphibolen und Bemerkungen
iiber OlivinknoUen, 10.—F. Freck. Die KoraUenfauna des Oberdevons
in Deutsckland, 21.—^T. Fucks. Die Versucke einer Gliederung des

unteren Neogen im Gebiete des Mittelmeers, 131.—M. Verworn. Ueber
Patellites antiquus, Scklotk, 173.—G. de Geer. Ueber die zweite Aus-
breitung des skandinaviscken Landeises, 172.—E. Kayser. Lodanella

mira, eine unterdevoniscke Spongie, 207.—E. Koken. Ueber Oniitho-

cheirus hilsetuis, Koken, 214.

. Koniglich-Preussische Akademie der Wissenschaffcen. Sit-

zungsberichte, 1884. Nos. 18-54. 1884-85.
H. Bucking. Ueber die Lagerungsverkaltnisse der alteren Sckickten



Il6 ADDITIO]SrS TO THE LIBEAET,

Berlin. Palaeontologische Abhandlungen. Band ii. Hefte 2 & 3.

1884. Purchased.

H. Graf zu Solms-LaubacTi. Die Coniferenformen des deutsclien
Kupfersctiefers iind Zechsteins (Heft 2).—W. Dames. Ueber Arcbaeo-
pteryx (Heft 3).

. . . Heft 4. 1885. Purchased.
F. JSTotling. Die Fauna der "baltischen Oenoman-GescMelbe.

Birmingham. Midland l^aturalist. IS", S. Vol. vii. Nos. 79 & 80.

1884. Presented hy Wm. WhitaJcer, Esq., F.G.S.
H. Pearce. Ice Action m the Valley of the Artro, 197.

Birmingham Philosophical Society. Proceedings. Yol. iv. Part 1

(1883-84). 1884.
W. Mathews. Modem Geological Problems, 1.—T. Turner. An

Analysis of Water from Salt Wells near Dudley, 38.—H. W. Crosskey.
Note on Ice-marked Boulders, illustrating the Grooved Blocks of Eowley
Hill, 69.—F. W. Martin. The Geological Section along the West
Suburban Railway from Birmingham to King's Norton, 257.

Bordeaux. Societe Linneenne. Actes. Yol. xxxvii. (Serie 4,

Tome Tii.). 1883.
H. Arnaud. ;Studes pratiques sur la craie du sud-ouest : Profils geo-

logiques des chemins de fer de Siorac a Sarlat et de Perigueux a Riberac,
34.—E. Benoist. Les Neritacees fossiles des terrains tertiaires moyens
du sud-ouest de la France, 379.—E. Benoist. Observations geologiques
resultant du forage d'un puits artesien, chez M. Briol, a Lestiac, xii.

—

E. Benoist. Les huitres fossiles des terrains tertiaires moyens de
I'Aquitaine, xvi.—E, Benoist. Note sur une couche lacustre observee au
Planta, commime de Saint-Morihon, xxii.—E. Benoist. Note sur quelques
coupes relevees aux environs de Bergerac, xxxiii.—E. Benoist. Compte-
rendu geologique de I'excursion trimestrielle faite a Citon-Cenac, xxxviii.

—E. Benoist. Compte-rendu geologique de I'excursion de Fronsac,

xxxix.

Boston. American Academy of Arts and Sciences. Proceedings.

N. S. Yol. xi. 1883-84.
S. H. Scudder. The fossil White Ants of Colorado, 133.

Boston Society of Natural History. Memoirs. Yol. iii. Nos. 8, 9,

10. 1884.
S. H. Scudder. Two new and diverse Types of Carboniferous Myria-

pods, 283.—S. H. Scudder. The Species of Mylacris, a Carboniferous
Genus of Cockroaches, 299.

. Proceedings. Yol. xxii. Part 2 (1882-83). 1883.

M. E. Wadsworth. The Argillite and Conglomerate of the Boston
Basin, 130.—A. A. Julien. The Dunyte-beds of North Carolina, 141.

—

T. N. Dale. A Contribution to the Geology of Rhode Island, 179.

—

M. E. Wadsworth. Some Instances of Atmospheric Action on Sand-
stone, 201.

—. . . Part 3 (1883). 1884.

A. Hyatt. Genera of Fossil Cephalopods, 253.

i
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Brisbane. Eoj^al Society of Queensland. Proceedings. Vol. i.

Part 1. 1884.
E. Palmer. Hot Springs and Mud Eruptions on the Lower Flinders

River, 19.—C. W. De Vis. The Moa {Dinoryiis) in Australia, 23.—
J. Falconer. AVater Supply: Springs and tlieir Origin, 28.—H. F. Wall-
mann. Pseudomorpliism in Minerals, 32.—C. W. De Vis. Ceratodus
Forsteri Post-Pliocene, 40.

British Association for the Advancement of Science. Report of the

Fifty-fourth Meeting, 1884. Montreal. 1885.
T. Rupert Jones. Second Report of the Committee on the Fossil

Phyllopoda of the Palaeozoic Rocks, 75.—C. E. De Ranee. Tenth
Report of the Committee appointed for the purpose of investigating the
Circulation of Underground Waters in the Penneable Formations of
England and Wales, and the Quantity and Character of the Water sup-
phed to various Towns and Districts from those Formations, 96.—G. R.
Vine. Fifth and last Report of the Committee appointed for the purpose
of reporting on Fossil Polyzoa, 97.—Twelfth Report of the Committee
appointed for the pui'pose of recording the Position, Height above the
Sea, Lithological Characters, Size, and Origin of the Erratic Blocks of

England, Wales, and Ireland, reporting other matters of interest con-
nected mth the same, and taking measures for their Preservation, 219.

—

W. Topley. Report upon National Geological Surveys : Part I., Europe,
221.—C. E. De Ranee and W. Topley. Report of the Committee
appointed for the purpose of inquiring into the Rate of Erosion of the
Sea-coasts of England and Wales, and the Influence of the Artificial

Abstraction of Shingle or other Material in that Action, 238.—J. W.
Davis. Fourth Report of the Committee appointed to assist in the Ex-
ploration of the Raygill Fissure in Lothersdale, Yorkshire, 240.—J. Milne.

Fourth Report of the Committee appointed for the purpose of investi-

gating the Earthquake Phenomena of Japan, 241.—T. G. Bonney. On
the Archaean Rocks of Great Britain, 529,—H. S. Poole. Note on the

Internal Temperature of the Earth at Westville, Nova Scotia, 644.

—

W. T. Blanford. Presidential Address to Section C, Geology, 691.

—

E. Gilpin, jun. Results of the past Experience in Gold Mining in Nova
Scotia, 711.—E. Gilpin, jun. A Comparison of the Distinctive Featm-es

of Nova-Scotian Coal-fields, 712.—H. A. Budden. On the Coals of

Canada, 713.—D. Honeyman. On the Geology of Halifax Harbour,
Nova Scotia, 714.—J. H. Panton. Gleanings from Outcrops of Siliu-ian

Strata in Red River Valley, Manitoba, 715.—G. C. Brown. The Apatite

Deposits of the Province of Quebec, 716.—F. D. Adams. On the Occur-

rence of the Norwegian ^' Apatitbringer " in Canada, with a few Notes on
the Microscopic Characters of some Laurentian Amphibolites, 717.

—

L. W. Bailey. On the Acadian Basin in American Geology, 717.—E. W.
Claypole. Pennsylvania before and after the Elevation of the Appalachian
Mountains, 718.—J. S. Newberry. Phases in the Evolution of the North
American Continent, 719.—H. C. Le^\us. Marginal Kames, 720.—H.
Miller. On Fluxion-Structure in Till, 720.—A. R. C. Selwyn. On the

Glacial Origin of Lake Basins, 721,—R. Richardson, On Points of Dis-

similarity and Resemblance between Acadian and Scottish Glacial Beds,
722,—W. F. Stanley. On the Improbability of the Theory that former
Glacial Periods in the Northern Hemisphere were due to Eccentricity of

the Earth's Orbit and to its Winter Perihelion in the North, 723.—E. Hill.

On Ice-Age Theories, 723.—J. S. Newberry. On the recent Discoverv

of new and remarkable Fossil Fishes in the Carboniferous and Devonian
Bocks of Ohio and Indiana, 724.—J. HaU. On the Fossil Reticulate
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Sponges constituting tlie Family Dictjospongidse, 725.—J. Hall. On the
LamellibrancMate Fauna of the Upper Helderberg, Hamilton, Portage,

Chemung, and Oatsldll Grroups (equivalent to the Lower, 31iddle, and
Upper Devonian of Eiuope); with especial reference to the Arrangement
of the Monomyaria and the Development and Distribution of the Species

of the Genus Leptodesma, 726.—T. Sterry Hunt. The Eozoic Eocks of

North America, 727.—J. F. Blake. First Impressions of some Pre-
Oambrian Rocks of Canada, 728.—J. D. Dana. On the Southward
Ending of a great Synclinal in the Tacouic Range, 729.—H. J. Johnston-
Lavis. Notice of a G-eolcgical Map of jMonte Somma and Vesuvius,
730.—^W. Whitaker. The Value of detailed Geological Maps in relation

to Water-supply and other Practical Questions, 731.—V. Ball. Oii the
Mode of Occm-rence of Precious Stones and Metals in India, 731.

—

0. Le Neve Foster. What is a Mineral Vein or Lode ? 732.—G, K.
Gilbert. Plan for the Sabject-Bibhography of North-American Geology,
732.—E. W. Claypole. On some Remains of Fish from the L'pper

Silurian Rocks of Pennsylvania, 733.—0. C. Marsh. On American
Jm-assic Mammals, 734—T. Rupert Jones. On the Geology of South
Africa, 736.—Sir W. Dawson. On the more Ancient Land Floras of

the Old and New Worlds, 738.—J. S. Gardner. On the Relative Ages
of the American and the English Cretaceous and Eocene Series, 739.

—

E. Wethered. On the Structure of English and American Carboniferous
Coals, 741.—A. H. Mackay. A preliminary Examination of the Siliceous

Organic Remains in the Lacustrine Deposits of the Province of Nova
Scotia, Canada, 742.—G. F. Matthew. The Geological Age of the

Acadian Fauna, 742.—G. F. Matthew. The Primitive Conocorvphean,
743.—P. Hallett. Notes on Niagara, 744.— 0. C. Marsh. On the Classi-

fication and Affinities of Dinosaurian Reptiles, 763.

Brussels. Musee Royal d'Histoire Naturelle de Belgique. Bulletiii.

Tome iii. (1884). Nos. 2-4. 1884.
A. Renard. Notice sur la composition mineralogique de I'arkose de

Haybes, 117.—L. Dollo. Cinquieme Note sur les Dinosauriens de Ber-
nissart, 129.—L. Dollo. Premiere Note sur le Simoedosaurien d'Erque-
Ihines, 151.—A. Renard. Recherches sur la composition et la structure

des phyllades ardennais, 231.—J. Purves. Esquisse geologique de I'ile

de Ajitigoa, 273.

. Societe Royale des Sciences de Liege. Memoires. Supple-

ment an Tome x. 1883. (4to.)

Buckhurst HiU. Essex Field Club. Transactions. Vol. iii. Part 8.

1884.
N. F. Robarts. Notes on the London Clay and Bagshot Beds at

"Oakhill" Quarry, Epping Forest, 231.

Budapest. Magyar Foldtani Tarsnlat [Geological Society]. Pold-

taniKozlony. Kotet 4 (1874). 1874.

F. Posepny. Geologisch-montanische Studie der Erzlagerstatten von
E^zbanya in S.O.-Ungarn, 1.

Xotet 9 (1879). 1879.

J. Bockh. Sz6renymeg3'e deli reszere vonatkozo geologiai jegyzetek, 1.

—L. Maderspach. Uj czinkercz fekhely Gomorben, 31,—J. Matyasovszky.

A Glenodictyum egy uj lelhelye Erdelyben, 32.—J. Bockh. Auf den shd-

lichen Theil des Comit. Szoreny beziigliche geologische Notizen, Qo.—L.
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Rotli. A rakos-ruszti liegyvouulat es a Lajtahegyseg d^li r^szenek geolo-

giai vazlata, 99.—J. Stiirzenbaum. Mosonjniegyeben eszkozolt geologiai

fdlvetel 1878 ban, 111.—M. Staub. Cari/a costata (Sternb.) Unger, a

magyarlioni fossil floraban, 115.—B. Winkler. Urvolgyit, egy uj rezasvany

Urvolgyrol, 121.—A. Pecli. Az Urvolgyon tortent ujabb feltarasokrol,

125.—S. Schmidt. Kristalyos Tetraedrit Eozsnyorol, 127.—L. v. Roth.

Geologische Skizze des Kroisbach-E aster Bergzuges and des siidlichen

Theiles des Leita-Gebirges, 139.—J. Stiirzenbaum. GeologischeAufnahme
im Comitate Wieselburg im Jahre 1878, 150.—M. Staub. Carya costata

(Stbg.) Unger, in der ungarischen fossilen Flora, 155.—B. v. Winkler.
tJrvolgyit, ein neues Kupfermineral Ton Herrengrund, 156.—L. Mader-
spach. Eine neue Zinkerz-Lagerstatte im Gomorer Comitate, 159.—J. v.

Matyasovszky. Ein neuer Fundort des Glenodicti/uin in Siebenbiirgen,

160.—A. Pech. Neuere Aiisrichtungen in dem Bergbaue von Herren-
grund, 162.—A. Schmidt. Krystallisirter Tetraedrit von Rosenau, 164.

—

K. Hofmann. Jelentes az 1878 nyaran Szilagymegye Keleti reszeben

tett foldtani r^szletes felv6telekrol, 167.—J. Stiirzenbaum. Az ardoi

czinkercz-fekhely geologiai viszonyairol, 213.—J. Stiirzenbaum . A demoi
kosseni retegeki'ol^ 217.—K. Hofmann. Bericht iiber die im ostlichen

Theil des Szilagyer Comitates wahrend der Sommercampagne 1878 voU-
fiihrten geologischen Specialaufnahmen, 231.—J. Stiirzenbaum. Ueber
die geologischen Verhaltuisse der Zinkerz-Lagerstatte bei Pelsocz-Ardo im
Gomorer Comitat, 283.—J. Stiirzenbaum. Kossener Schichten bei Demo
im Tonaaer Comitate, 287.—J. Matyasovszky. Jelentes az 1878 evben
Szilagymegyeben eszkozolt foldtani felvetelrol, 293.—J. Szabo. A Num-
muHtkeplet viszonya a Trachythoz Vihnyen Selmecz meUett, 301.—L.

Roth. Adatok az Alfold altalajanak ismeretehez, 312.—T. Posevitz.

Szoreny megyei eruptiv kozetek, 317.—J. v. Matyasovszky. Bericht

iiber geologische Detailaufnahmen im Comitate Szilagy im Jahre 1878,
332.—L. V. Roth. Daten zur Kenntniss des Untergrundes im Alfold,

341.—T. Posewitz. Ueber Eruptivgesteine vom Comitate Szoreny, 347.

—V. Legeza. Granat von Uj-Kemencze, 364.—B. Inkey. A boiczai

ercztelerek mellekkozeterol, 364.—H. Stern. Nehany szorenymegyei
kozet petrographiai meghatarozasa, 376.—G. Primics. A Hargita ejszaki

nynlvanyanak, nevezetesen Beszterczevolgye, Tihavolgye, Henyul es

Sztrimba eruptiv kozeteiuek petrographiai vizsgalata, 382.—F. Scha-
farzik. Diabas Dobojrol Boszniaban, 393.—J. Bernath. Magyarhon
asvanyvizi terkepe, 399.—F. Schafarzik. Szilard es folyekony zarvanyok
asvanyokban es Kozetekben, 401.—K. Hofmann. Megjegyzesek trachy-

tanyagnak a hazai 6-harmadkori lerakodasokban valo elofordulasara, 406.

—B. V. Inkey. Ueber das Nebengestein der Erzgange von Boicza in

Siebenbiirgen, 425.—H. Stern. PetrogTaphische Beslimmung einiger

Gesteine aus dem Comitate Szoreny, 433.—F. Schafarzik. Diabas von
Doboj in Bosnien, 439.—J. Szabo. iDas Verhaltniss der Nummulitforma-
tion zum Trachyt bei Vichnye (Eisenbach) nachst Schemnitz, 442.

—

G. Primics. PetrogTaphische Untersuchung der eruptiven Gesteine des

nordlichen Hargitazuges, insbesondere des Bistritz und Tihathales, des

Henyul imd Sztrimba, 455.—J. Bernath. MineralqueUenkarte Ungarns,
467.—F. Schafarzik. Feste und fliissige Einschliisse in Mineralien und
Gesteinen, 469.—K. Hofmann. Bemerkuugen iiber das Auftreten tra-

chytischen Materials in den ungarisch-siebenbiii'gischen alttertiaren Abla-
geruugen, 474.

Budapest. Magyar Foldtani Tarsiilat [Geological Society]. Fold-

tani Kozlony. Xotet 10 (1880). 1881.
J. Matyasovszky. Arvizlecsapolasi kiserlet egyelnyelo artezi kiit altal,

1.—T. Fuchs. A foldsegel szabalyos alakjarol, 7.—J. Szabo. Calcit-
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pseudomorpliose Milialytarnabol Selmeczen, 12,—B. Inkey. Egy feltuno

vonas Xagyag videkenek domborzataban, 16.—J. y, MatyasoTSzky. Ein
Entwasserungsversucli mittelst negativer Brunnen, 19.—t. Fucbs. Ueber
die regelmassige Gestalt der Continente, 28.—J, Szabo. Ueber Calcit-

Pseudomorpbosen aus dem Micbaeli-StoUen in Scbemnitz, 32.—B. t. Inkej.
Ueber eine auiFallende Bergform in der Umgebnng von Xagyag, 37.

—

M. Hantken. A buda-videki 6-barmadkori kepzodmenyek, 41.—F. Scha-
farzik. A foldrengesek Del-Magyarorszagon es a szomszedos teruleteken

1879 Oktober 10-etol 1880 marczius 1-ig, 53.—A. Franzenau. Egy uj

lelhelyii kel asTanyrol, 76.—M. Hantken. Die alttertiaren Bildungen der

Umgegend von Ofen, 78.—F. Scbafarzik. Das Erdbeben in Siid-Ungarn
und den angrenzenden Landern, 10 October 1879-13 April 1880, 91.

—

A. Franzenau. Ueber zT^ei Mineralien eines neuen Fnndortes, 119.

—

L. Eotb. Adatok az ALfold altalajanak ismereteliez, 121.—G. Halaxats.

Adatok Szorenymegye foldtani viszonyaiboz, 131.—A. Kocb. A Czibles

es Olablaposbanya videke zoldkoandesitjeinek iij petrograpbiai vizsgalata.

138.—L. Y. Both. Daten znr Kenntniss des UntergTundes im AKold, 147.

—J. HalaYats. Zur geologiscben Kenntniss des Szorenyer Comitates. 158.

—A. Kocb. PetrograpMscbe Untersucbung der tracbytiscben Gresteine

des Czibles und Yon Olablaposbanya, 165.—A. Kocb. Kodna Yideke

tracbyt-csaladboz tartozo kozeteinek uj petrograpbiai Yizsgalata, 177.

—

H. Stern. Szorenymegyei eruptiY kozetekrol, 187.—J. Bernatb. Erdely
konybaso-Yizei, 200.—L. Nagy. Adatok a dobsinai Dioritrol, 217.—A.
Kocb. Neue petrograpbiscbe Untersucbung der tracbytiscben Gesteine

der Gegend Yon Rodna, 219.—H. Stern, EruptiYgesteine aus dem
Comitate Szoreny, 230.—J. Bernatb. Die KocbsalzYrasser in Sieben-

btirgen, 244.—K. Hofmann. Buda Yidekenek nemely 6-barmadkori
kepzodeserol, 245.— G. HalaYats. A golubaczi (Szerbia) mediteri'an

fauna, 293.—F. Scbafarzik. A '• Cserbat '"" D Xyi Yegenek eruptiY-

kozetei, 295.—K. Hofmann. Ueber einige alttertiare Bildungen der

Umgebung Yon Ofen, 319.—J. HalaYats. Die mediterrane Fauna Yon
Golubatz in Serbien, 374.—F. Scbafarzik. Die eruptiYen Gesteine der

siidwestlicben Auslaufer des Cserbat-Gebietes (N.N.O. Yon Budapest),

377.—L. Nagy. Daten iiber den Diorit Yon Dobscbau, 403.

Budapest. Magj^ar Foldtani Tarsuiat [Geological Society]. Fold-

tani Kozlony. Kotet 11 (1881). 1881.

G. HalaYats. A magyarboni mediten-an retegekben elofordulo conu-

sokrol, 1.—M. Staub. Adalek a Szekelyfold fossil florajaboz, 6.—L. Rotb.

Adalek a szekelyfoldi neogen edesYizi lerakodasok fauuajanak ismeretebez,

13.—B. Inkey, A zagrabi 1880 eri foldreuges forgatasi tiinemenyeirol,

24.—A. Franzenau. Adatoka rakosi (Budapest) felso mediterran emelet

foraminifera faunajaboz, 31.—J, HalaYats. Ueber die Verbreitung der

in den ^lediterran-Scbicbten Yon Ungarn Yorkommenden Conus-Formen,
56.—]M. Staub. Beitrage zur fossilen Flora des Szeklerlandes, 58.

—

B. Y. Inkey. Ueber Drebungserscbeinungen beim Erdbeben Yon Agram
1880, 76.—A. Franzenau. Beitrage zur Foraminifera-Fauna der Rakoser

(Budapest) Ober-Mediterran Stufe, 83.—J. Budai. Adatok a Hargita

deli reszenek petrogi-apbiajaboz, 109.—S. Rotb. A JekelfaM es Dobsinai

diaUag-serpentin leirasa, 120.—A. Steiner. A karpati bomokko kiilonbozo

szinenek okairol, 124.—G. HalaYats. A LokYa begyseg foldtani %-iszonyai,

132.—J. Bernatb. Egy balatonparti foldsHlyedesrol, 137.—G. Guelder.

A Yarallyan elofordulo asYanyYizekrol, 140,—S, Rotb, Der Jekelsdorfer

und Dobscbauer Diallag-Serpentin, 142.—A. Steiner. Ueber die Ursacben

der Yerscbiedenen Farbe des Karpatben Sandsteines, 146.—V. Guckler.

Daten zu den Varallyaer Mineralquellen, 154.—L. Loczy. Utazasi jegj-

zetek JaYarol, 161.—B. Inkey. Uti jegyzetek az erdelyi deli batarbegy-
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segbol, 172. — A. L. Cserey. Az Aplit eleg}T^szeinek Tegyelemzese,
176.—G. Primics. Adatok Boszuia Kozettani ismeretehez, 184.—J3. v.

Inkey. Reisenotizen aus dein siidlichen Grenzgebirge von Siebenbiirgen,

190.—G. Primics. Zur petrogi-apliisclien Kenntniss Ton Bosnieu, 195.

—

J. Halavats. Die geologisclien ^'erhaltnisse des Lokva-Gebiiges, 200.

—

I. Bernath. Ueber eiue Bodenseukiing am Ufer des Plattensees, 20o.

—

J. Szabo. A tracbytok makrografiai osztalyozasa, 209.— M. Staiib.

NoTenyek Ki-asso-Szorenymegye mediterran retegeibol, 219.—L. Eoth.
Foldtani felvetel a Lajta-begysegben, 226.—J. Matyasovszky. Foldtani
fdlvetel Szilagj'megyeben 1881, 231.—J. Bockb. Az 1881, evben Krasso-
Szorenymegyeben vegzett felvetebe yonatkozo geologiai jegyzetek, 233.
—^K. Hofmann. Jelente.^ az 1881-iki evbeu az ejszaknyiigat erdelyi bata-
rbegysegben es kornyeken tett foldtani reszletes felyetekol, 244.—L.
Lajos. A promontori Duna-meder-kotras geologiai eredmenyei, 2oo.

—

J. Szabo. Classification macrograpbique des tracbytes, 258.—M. Staub.

Pflanzen aus den Mediterrauscbicbten des Ki-asso-Szoreuyer Komitates,
268.—L. V. Loczy. Reisenotizen aus Java, 274.—L. v. Kotb. Geolo-
giscbe Aufnabme im Leitba-Gebirge, 286.—J. y. Matyasovszky. Bericbt

iiber geologiscbe Aufnabmsarbeiten im Comitate Szilagy, 1881, 294.

—

J. Budai. Zur Petrograpbie der siidlicben Hargita, 296.—J. Bockb,
Geologiscbe Notizeu von der Aufnabme des Jabres 1881 im Comitate
Krasso-Szoreny, 303.—K. Hofmann. Bericbt liber die im Nordwest-
siebenbiirgiscben Grenzgebirge und Umgebung im Jabi'e 1881 ausge-

ftibrten geologiscben Specialaiifnabmen, 317.

Budapest. Magyar Poldtani Tarsulat [Geological Society]. Fold-

tani Kozlony. Kotet 12 (1882). 1882.
L. Lajos. Geologiai jegyzetek Krasso-megye ejszaki reszebol, 1.

—

F. Scbafarzik. A Pojana-Ruszka kornyeke nebany eruptiv Kozetenek
petrograpbiai tanulmanyozasa, 24.—H. Szterenyi. Selmeczi es matra-
begysegbeli gombos es spbaerolitbos tracbytok, 31.— G. Petbo. A
coc[uand-Semsey-fele oslenytani gyujtemenyi-ol, 81.—S. Rotb. A tm-ma-
lumak egy uj termobelye magyarorszagon, 84.—J. Matyasovszky. A
sajomelleki szentelepek, Kivalo tekintettel a baro Radvanszky-fele kazai

uradalom teriileten foltart szentelepekre, 85.—G. Halavats. Feberlem-
plom-Kubin Kornyekenek foldtani viszonyairol, 91.—T. Szontagb. Az
" Aesculap Bitter Water Company, Limited, London," czeg Kelenfoldi

(budai) Kutjairol, 99.—G. Petbo. A Spbaerulit-Kegylok sarokpantjanak
felfedezeserol es belso szervezetok egyeb reszeirol, l04.—J. Szabo. A
kapnikbanyai Helvitrol, 111.—J, A. Krenner. A rezbanyai Dioptasrol,

112.—F. Scbafarzik es T. Szontagb. Az aguitan emelet elofordulasa

Szobb videken, 114.—J. Felix. A magyarorszage fa-opalokrol, 115.--

J. A. Ki-enner. A litbium-smaiagdrol, 117.—L. v. Loczy. Geologiscbe

Notizen aus dem nordlicben Tbeile des Krassoer Comitates, 119.—F.

Scbafarzik. Ueber die petrograpbiscbe BescbafFenbeit einiger Eruptiv-
Gesteine der Umgebung der Pojana-Ruszka, 138.—J. Halavats. Ueber
die geologiscben Verbaltnisse der Umgegend von Febertemplon-Kubin,
143.—T. Szontagb. Ueber die Kelenf51d-er (Ofuer) Brunuen der Firma :

"Aesculap Bitter Water Company, Limited, London," 152.—J. Petbo.

Ueber das Ligament und die innere Organisation der Spbseruliten, 158.—Y. Gucker. Zur Ent^icklung des Bergbaues im der Gegend von
Rudobanya, 163.—T. Posevritz. Die geologiscben Arbeiten im ostin-

discben Arcbipel, 169.—T. Harada. Ueber das Luganer Eruptivgebiet,
175.—M. Staub. A Ctenopteris cycaclea, Brgnt., a magyarboni fosszil

floraban, 181.—G. Petbo. A Neitbea es a Vola (Janira) Kagylonemek-
nek szabatosabb megalapitasa 6s Klilonvalasztasa, 187.—S. Kaiecsinszk}-.

Egy szarvaskoi Ampbibol cbemiai elemzese, 196.—J. v. Matyasovszky.
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Ueber das Bramikolilen-Vorkom.men im Sajo-Thale, 199.—H. Szterenyi.

Kugelige und sphaerolitliisclie Trachyte Ton Schemnitz und dem Matra-
Gebirge, 206.—A. Kalecsinszky. Die quautitatiTe chemische Analyse
des Ampliibols Ton Szarvasko bei Erlau, 248.—M. Staub. Ctenopteris

cycadea, Brngt.; in der fossilen Flora Ungams, 249.—A. Koch. Foldtani
Kozlemenyek a Fruska-Gorarol, 257.—A. Koch. Geologische Mitthei-
Imigen iiber das Frusca-Gora Gebirge, 270.

Budapest. Magyar Foldtani Tarsulat [Geological Society]. Fold-
tani Kozlony. Kotet 13. FUzet 11 & 12 (1883;. 1883.

M. Staub. Japan Fosszil Floraja, 369.—J. A. Kreuner. Amipigment
es Eealgar Boszniabol, 381.—B. Toborfiy. A ploszkoi RudoH-forras-
chemiai elemzese, 385.—B. Toborffy. Chemische Analyse der RudoLfs-
quelle von Ploszko, 407.—T. Posewitz. Ueber die recente Bildimg von
Harzablagerungeu; 409.

. . . Kotet 14. Fiizet 1-12 (1884). 1884.
J. Szabo. Elnoki megnegito beszed, . . . 1884 Januar 23-ikan, 1.—J.

Szabo. Selmecz kornyekenek uj terkepei, 5.—B. Inkey. Az erdelyi
havasok nyugati reszenek foldszerkezeti vazlata, 11.— L. Locz. A
Krakatau vulkannak 1883-ik evi kitorese, 17.—L. Ilosvay. A termesken
kepzodesi felteteleirol. 38.—J. Szabo. A nemzetkozi geologiai con-
gi-essus bizottsagainak Ziirichi tanacskozasai 1883 nyaran, 42.—F. Scha-
farzik. A niagyarorszagi foldrengesek 1883-ban, 48.—J. A. Krenner.
Amipigment und Realgar aus Bosnien, 101.—J. Szabo. Ueber neuere
KartenTverke der Umgebung von Schemnitz, 111.—B. v. Inkey. Geotek-
tonische Skizze der westlichen Halfte des ungarisch-rumanischen Grenz-
gebirges, 116.—L. v. Loczy. Ueber die Eruption des Krakatau im Jahre
1883, 122.—L. Ilosvay. Ueber die Bedingungen der Bildung von gedie-

genen Schwefel, 147.—F. Schafarzik. Statistik der Erdbebeu in Ungarn
im Jahre 1883, 151.— J. Bcickh. A magyar Kir. Foldtani Intezet evi

jelentese 1883-r61 : Igazgatosagi Jelentes, 161.—K. Hofmann. Jelentes

az 1883 ev nyaran a Buna jobb partjan 0-Szony es Piszke Kozt foganato-

sitote foldtani reszletes felvetelekrol, 174.—J. Matyasovszky. A Kiraly-

hago es a Sebes-Kciros volgy Bucsalol Revig. Reszletes foldtani felvetel

1883-ban, 191.—^L. Loczy. Jelentes az 1883-Lk ev nyaran a Maros es a
Feher-Koros kozotti hegyvideken es az Arad-Hegyaljan eszkozolt foldtani

reszletes felvetebol, 196.—A. Koch. Jelentes a kolozsvari szegelyhegy-

segben az 1883. Evben vegzett foldtani reszletes folvetebol, 213.—L.
Roth. A Pattas-Bozovicstol eszakra fekvo hegyseg Ki-asso-Szoreny

megyeben, 233.—G. Halavats. Jelentes az 1883 evben Alibunar, Mora-
vicza, Moriczfold es Kakova kornyekeu eszkozolt reszletes foldtani felve-

teh'ol, 243.—F. Schafarzik. Jelentes az 1883 ev nyaran a Pilis hegysegben
eszkozolt foldtani reszletes felvetelrol, 249.—S. Gesell. Jelentes a'Sel-

meczbanya es kornyeken 1882 es 1883 ban eszkozolt reszletes banya-
geologiai felvetelekrol, 273.—J. Bockh. Jahresbericht der kon. ungar.

geologischen Anstalt fiir 1883 : Directions-Bericht, 307.—K. Hofmann.
Bericht iiber die auf der rechten Seite der Donau zwischen 0-Szony
und Piszke ausgefiihrten geologischen Specialaufnahmen, 323.—J. von
Matyasovszky. Der Kiralyhago und das Thai des Sebes-Koros Flusses

von"^Bucsa bis Rev, 342.—L. v. Loczy. Bericht iiber die • geologische

Detailaufnahme wahrend des Sommers 1883 im Gebii'ge zwischen der

Maros und der weissen Koros und in der Arad-Hegyalja, 349.—^A. Koch.
Bericht iibei die im Ellausenburger Randgebirge im Sommer 1883
ausgefiihrte geologische Specialaufnahme, 368.—L. v. Roth. Das Gebii-ge

nordlich von Pattas-Bozovics im Krasso-Szorenyer Comitate, 391.—J.

Halavats. Bericht iiber die geologische Detailaufnahme im Jahre 1883
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in der Umgebung von Alibunrir, Mora\-icza, ]M6nczfold imd Kakova, 403.

—F. Schafarzik. Geologische Aufnalime des Pilisgebirges und der beiden
" Wachtberge " bei Gran,';409.—A. Gesell. Ueber die montangeologisclie

Detailaufuahme von Schemnitz und Umgebung in den Jahren 1882 und
1883, 436.—M. Staub. Hen- Oszwald emlekezete, 44S).—J. Szabo. A
" Yellowstone National Park " nebclny kozete es uj leirasa,481.—S. Roth.
Az eperjes-tokaji liegylancz ejszaki reszenek trachytjai, 488.— J. A.
Krenner. Emplectit es az ugynevezett Tremolit Rezbanyarol, 519.

—

S. Roth. Beschreibung der Trachyte aus dem nordlichen Theile des

Eperjes-Takajer Gebh'ges, o'll .— J. A. Krenner. Emplekit und der

sogenannte Tremolit von Rezbanya, 564.

Budapest. Magyar Foldtani Tarsulat [Geological Society]. Eold-

tani Kozlouy. Kotet 15. Eiizet 1-5. 1885.

J. Szabo. A Pharmakosiderit es az urvolgyit uj lelobelyne Sandberg-
begyen, Obegy Kozeleben, 1.—S. Roth. A Magas-Tatra deli oldalanak

hajdani jegarairol, 9.—A. Kaiecsinszky. Kozlemenyek a Magyar Kiralyi

Foldtani Intezet chemiai laboratoriumabol, 31.—M. Staub. Goppert
Robert Henrik emlekezete, 35.—S. Roth. Die einstigen Gletscher an
der Siid-Seite der Hohen-Tatra, 53.—T. Posewitz. Geologische Xotizen
aus Central Borneo, 76.—J. Szabo. Elnoki megn^dto beszed, a magyar-
honi Foldtani Tarsulat kozgyiilesen 1885 februar 4 en, 81.—J. Szabo.

Magyarorszag nevezetesebb Fluorit-lelohelyei, 93.—T. Szontagh. Zoly-

ommegye kozeteinek petrografiai ismertetese, 99.—F. Schafarzik. A
magyarorszagi foldrengesekrol 1884-ben, 121.—G. Teglas. A mamiit
nyomai Himyadmegyeben, 134.—J. t. Szabo. Pharmakosiderit und
Urvolgyit (Herrengrundit) von einer neuen Fundstelle, 193.—J. v. Szabo.

Namhaftere Vorkommen der Fluorite in Ungarn, 199.—F. Schafarzik.

Statistik der Erdbeben in Ungarn im Jahre 1884, 202.

. . General-Index sammtlicher Publicationen der Umga-
rischen Geolog. Gesellschaft von den Jahren 1852-82. 1884.

— . Magyar Kiralyi Foldtani Intezet. Evkonyve. Kotefc 3.

Fiizet 3. 1875-78.
K. Hofmann. A deli bakony Bazalt kozetei, 839.

— . . . Kotet 4. Fiizet 4. 1876.
J. Bockh. Pecs varosa kornyek^nek foldtani es vizi viszonyai, 129.

— . . . Kotet 5. Fiizet 1. 1877.
0. Heer. Pecs videken elofordulo Pernio Novenyenkrol, 1.

— . . . . Fiizet 2. 1878.
F. Herbich. A Sz^kelyfdld foldtani es oslenytani leirasa, 1.

(Koniglich-Ungarische Geologische Anstalt.) Mit-

theilungen aus dem Jabrbuch. Band i. Lief. 3. 1873.
F. Herbich. Die geologischen Verhaltnisse des nordostlichen Sieben-

biirgens, 293.—A. v. Pavay. Die geologischen Verhaltnisse der Umge-
bung von Klausenburg, 351.

. . . . Band ii. Lief 2 & 3. 1873.
J. Bockh. Die geologischen Verhaltnisse des siidlichen Theiles des

Bakony, Theil I., 27.—K. Hofmann. Beitrage zur Kenntniss der Fauna
des Haupt-Dolomites und der alteren Tertiar-Gebilde des Ofen-Kovacsier
Gebirges, 181.—M. v. Hantken. Der Ofner Mergel, 207.
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Budapest. Magyar Kiralyi Poldtani Intezet. (Koniglicli-IlBga-

risclie Geologisclie Anstalt.) Mittheilungen ans dem Jahrbuch
Band iii. Lief. 2. 1874.

A. V. Pavay. Die fossilen Seeigel des Ofner Mergels, 9.

. . . . Band vi. Hefte 8-10 (1883). 1884.
M. Staub. Tertiare Pflanzen von Felek bei Klausenbiirg, 263.—G.

Primics. Die geologiscben Verbaltnisse der Fogarascher Alpen und des
benaclibarten rumaniscben Gebirges, 283.—T. Posewitz. Geologische
Mittheilungen liber Borneo^ 317.

. . . . Bandvii. Hefte 1-4. 188-^85.
J. Felix. Die Holzopale Ungarns in palaeopbytologischer Hinsicbt, 1.

—A. Kocb. Die alttertiaren Ecbiniden Siebenbiirgens, 45.—M. GroUer
Ton Mildensee. Topografiscb-geologiscbe Skizze der Inselgruppe Pelagosa
im adriatiscben Meer, 131.—T. Posewitz. Die Zinninseln im indiscben
Oceane : I. Geologic yon Bangka. Als Anbang : Das Diamant-Yorkom-
men in Borneo, 153.

. . . Jaliresberieht fiir 1883. 1884.
J. Bockb. Directions-Bericbt, 3.—C. Hofmann. Ueber die anf der

recbten Seite der Donau zwiscben 0-Szony und Piszke ausgefiibrten

geologiscben Specialaufnabmen, 19.—J. von Matyasovszky. Der Kiraly-
bago und das Tbal des Sebes-Koros Flusses von Bucsa bis Rev, 38.

—

L. von Loczy. Bericbt uber die geologiscbe Detailaufnabme v^abrend
des Sommers 1883, im Gebirge zwiscben der Maros und der Weissen-
Koros und in der Arad-Hegyalja, 45.—A. Koch. Bericbt uber die im
Klausenburger Randgebirge ausgefiibrte Specialaufnabme, 64.—L. Rotb.
Das Gebirge nordlicb von Pattas-Bozovics im Krasso-Szorenyer Comitate,
87.—J. Halavats. Bericbt iiber die geologiscbe Detailaufnabme im Jabr
1883 m der Umgebung von Alibunar, Moravicza, Moriczfold und Kakova,
99.—F. Scbafarzik. Geologiscbe Aufnabme des Pilis-Gebirges und der
beiden " Wacbtberge " bei Gran, 105.—A. Gesell. Bericbt iiber die

montangeologiscbe Detailaufnabme von Scbemnitz und Umgebung in
^ -' ^""^-83,132.

Xonyv- es Terkeptaranak Czimjegyzeke^ [Catalogue

of tbe Library]. (8vo.) 1884.

Buenos Aires. Academia j!^acional de Ciencias en Cordoba. Boletin.

Tomo vi. Entregas 2-4. 1884.
F. Amegbino. Escursiones Geologicas y Paleontologicas en la provincia

Tomo vii. Entregas 1-4. 1885.
H. Conwentz. Sobre algunos arboles fosiles del Rio Negro, 435.

—

F. Amegbino. Oracanthus Burmeisteri, nuevo edentado extinguido de
la Republica Argentina, 499.

. . . Tomo viii. Entrega 1. 1885.
F. Amegbino. Nuevos restos de mamiferos fosiles oligocenos recogidos

)or el profesor Pedro Scalabrini, y pertenecientes al Museo Provincial del

-. Sociedad Cientifica Argentina. Anales, 1884. Tomo xvii.

Entregas b & Q. 1884.
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Buenos Aires. Sociedad Cientifica Argentina. Anales, 1884.

Tomo xviii. Entregas 1-6. 1884.

A. Doring. Informe sobre im sediinento lacustre fosilifero, encontrado

en la perforacion del Desaguadero (Ferro-Carril Andino), 1.—G. Av6-
LaUemant. Dates mineros de la repiiblica oriental, 193.

. . , 1885. Tomo xix. Entregas 1 & 2. 1885.

Caen. Societe Linneenne de iS'ormandie. Bulletin. SerieS. Vol. vii.

(1882-83). 1883.

C. Eenault. Etude stratigrapliique du Cambrien et du Siliuien dans
les Yallees de TOrne et de la Laige, 16, 38.—A. Bigot. Note sur la base
du Silurieu moyen dans la Hague, 31.—J. Moriere. Note sur une Erj-
onidee nouvelle trouvee a laCaine (Calvados) daus le Lias superieur, 116,

—C. Kenault. Note siu- le Lias de la prairie de Caen, 130.—L. Lecornu.
Sur la composition de certains sables et de certains alluvions, 134.

—

H. E. Sauvage. Note sur le genre Pachyconnus, 144.—J. Moriere. Note
sur line empreinte de corps organise offerte par le gres armoricain de
May (Calvados), 150.—C. Eenault. Le Cambrien et le Siliuien de la

vallee de I'Orne (d'Etavaux a EeugeroUes), 261.—A. Bigot. Compte-
rendu de I'excursion geologique a May-sur-Orne, 303.

Calcutta. Asiatic Society of Bengal. Journal. Vol. Hi. Part 2.

Title-page, Plates, &c,, 1883. 1885.

. . Vol. Hii. Part 1. No. 3. 1884.

. -— . . . Part 2. N0S.I&2. 1884.

Special Number. 1884.

. . Proceedings, 1884. Nos. 3-11. 1884-85.
E. D. Oldham. Eougb Notes for the construction of a Chapter on the

History of the Earth, 145.

Cambridge Philosophical Society. Proceedings. Vol. v. Parts 1-3.

1884-85.
T. Gr. Bonney. On the Micsoscopic Structure of a Boulder from the

Cambridge Greensand found at Ashwell, Herts, 60.—E. Hill. On a
Continuous Succession in part of the Guernsey Gneiss, 154.

. Transactions. Vol. xiv. Part 1. 1885.

Cambridge, Mass. Museum of Comparative Zoology at Harvard
College. Bulletin. Vol. vii. (Geological Series, Vol. i.). Nos.

2-8. 1881.

J. S. Diller. The Eelsites and their Associated Eocks North of Boston,
165.—M. E. Wadsworth. On an Occurrence of Gold in Maine, 181.

—

M. E. Wadsworth. A Microscopical Studv of the Iron Ore, or Peridotite,

of Iron Mine HiU, Cumberland, Ehode ' Island, 183.—C. E. Hamlin.
Observations upon the Physical Geography and Geology of Mount
Ktaadin and the adjacent district, 189.—L. Lesquereux. Eeport on the

Eecent Additions of Fossil Plants, 225.—J. E. Wolff, The Great Dike
at Hough's Neck, Quincy, Mass., 231.—L. Lesquereux. On some Spe-
cimens of Permian Fossil Plants from Colorado, 243.
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Cambridge, Mass. lluseum of Comparatiye Zoology at Harvard
College. Bulletiu. Yol. vii. (Geological Series, vol. i.). 'No.

11. 1884.

J, Whitney and M. E. Wadswortli. The Azoic System and its pro-

posed Subdivisions, 331.

. . -. Yol. xi. ISTo. 10. 1884.

Memoirs. Yol. viii. No. 3. 1883.

. Yol. ix. No. 1. 1884.
M. E. Wadswortb. Litbological Studies. A Description and Classifi-

cation of the Rocks of the Cordilleras, 1.

. . . . jS'o. 3. 1884.

. . . Yol. X. No. 3. 1884.
C. E. Hamlin. Results of an Examination of Syrian Molluscan Fossils.

chiefly from the range of Mount Lebanon, 1.

. . . Yols. xii. & xiii. 1884.

. Science. ]!^os. 73-92, 95-99. 1884.

. . IS'os. 100-124. 1885.

Cape Town. South-African Philosophical Society. Transactions.

Yol. iii. (1881-83). 1884.
A. H. Green. [Notes of a Lecture on South African Geology,] 27.

Carlisle (Keswick). Cumberland Association for the Advancement
of Literature and Science. Transactions. Part 1 (1875-76).

1876.
J. C. Ward. Sketch of the Geological History of the Lake District,

59.

. . . Part 2 (1876-77). 1877.

R. Russell and T. Y. Holmes. The Raised Beach on the Cumberland
Coast between Whitehaven and Bowness, 68.—J. C. Ward. Remarkable
Boulders of Keswick District, 71.

Part 3 (1877-78). 1878.

Sir G. Airy. On the probable Condition ofthe Interior of the Earth, 43.

—J. C. Ward. Quartz, as it occurs in the Lake District, its Structure and
its History, 77.—C. Smith. Boulder Clay, 91.—R. Pickering. Submerged
Forest at St. Bees, 109.

. . . Part 4 (1878-79). 1879.

. . .' Part 5 (1879-80). 1880.

J. D. Kendall. The Influence of Geological Structm'e on Scenery, 97.

—J. D. Kendall. Distiibution of Boulders in West Cumberland, 151.

Part 6 (1880-81). 1881.

T. Y. Holmes. On a submerged Forest off" Cardumock, on the Solway
j

and on the Destruction of Skinburness by the Sea about the year 1305,

121.—T.Y.Holmes. Notes on the Physical Geography of North-west
Cumberland, 167.
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Carlisle. Cumberland and Westmoreland Association. Transac-

tions. 1^0. 9 (1883-84). 1885.

J. G. Goodchild. The Penrith Sandstone, 31.—T. V. Holmes. Notes

on the best Locality for Coal beneath the Permian Rocks of North-west
Cumberland, 109.—Miss Donald. Notes on some Carboniferous Gaste-

ropoda from Penton and elsewhere, 127.—.1. Leitch. Notes on the Geo-
logical Formation and Fossils of the Silloth new Dock, 109.—^J. G. Good-
child. Contributions towards a List of the Minerals occurring in Cumber-
land and Westmoreland (concluding part), 175.

Cassel. Palseontographica. Band xxxi. (Folge 3, Band vii.).

Lief. 1 & 2. 1884. Purchased.

C. Hasse. Einige seltene palaontologische Funde, 1.—M. Kliver. Ueber
Arthropleura a7'mata,Joid., 11.—M. Schlosser. Die Nager des europai-

schen Tertiars nebst Betrachtungen iiber die Organisation und die ge-

schichtliche Entwicklung der Nager iiberhaupt, 19.—A. Schenk. Die
wahrend der Reise des Grafen Bela Szechenyi in China gesammelten
fossilen Pflanzen, 103.

. . . Lief. 3-6. 1885. Purchased.

L. von Graff. Ueber einige Deformitaten an fossilen Crinoiden, 183.

—A. Bohm und J. Lorie. Die Fauna des Kelheimer Diceras-Kalkes.

Dritter Abtheilimg : Echinoideen, 193.—Hosius und Von der Marck.
Weitere Beitrage zur Kenntniss der fossilen Pflanzen und Fische aus der

Kreide Westfalens, 225.—Von der Marck. Fische von der oberen Ki-eide

Westfaiens, 233.—Riist. Beitrage zur Kenntniss der fossilen Badio-
larien aus Gesteinen des Jura, 271.—M. Schlosser. Nachtrage und
Berichtigungen zu : die Nager des europaischen Tertiars, 323.—A. von
Konen. Nekrolog iiber Professor Wilhelm Dimker, 331.

. . Supplement 2. Abth. 5. (Text, 8vo ; Atlas, fol.)

1884. Purchased.

G. Cotteau. Die Echiniden aer Stramberger Schichten, 1.

Catania. Accademia Gioenia di Seienze Natural!. Atti. Serie 3.

Tomo xvii. 1883.

L. Ricciardi. Sulla composizione chimica de' diversi strati di una
stessa corrente di lava eruttata dall' Etna nel 1669, 17.—L. Ricciardi.

Le rocce cristalline dei dintorni di Messina, 37.—L. Ricciardi. SuUa
difiusione del Vanadio nel regno minerale e vegetale, 161.—O. Silvestri.

Sopra un particuJare specie di quarzite semivetrosa, a struttura pomiceo-
granulare contenuta nell' interne di alcune bombe projettate dall' Etna
nella recente eruzione eccentrica del 22 Marzo 1883, 167.—L. Ricciardi.

L' Etna e 1' eruzione del mese di Marzo 1883, 195.—L. Ricciardi. Sulla

composizione chimica dei basalti di Cattolica e Tremiglia e di una breccia

basaltica, 231.—0. Silvestri. Sulla esplosione Etnea del 22 Marzo 1883

in relazione ai fenomeni vulcanici (geodinamici et eruttivi) presentati

dair Etna diu-ante il quadriennio compreso dal Gennaio 1880 al Dicembre
1883, 235.

Chemical News. Nos. 1283-1309. 1884.

•
. Nos. 1310-1334. 1885.

Chemical Society. Abstracts of the Proceedings. Nos. 1-9

(1884-85). 1885.

VOL. XLI. n



128 ADDITIONS TO THE LZBEAET.

Chemical Society. Journal. ^"03. 260-265. 1884.

. . Supplementary number, 1884 (Title-pages, Indexes,

&c.).

. . Nos. 266-721. 1885.

CoUiery Guardian. N'os. 1226-1252. 1884.

. Nos. 1253-1277. 1885.

Copenhagen. Kongelige Danske Yidenskabemes Selskab. IS'atur-

videnskabelige og Mathematiske Afhandlinger. Easkke 6.

Bind i. Nos. 6, 9, 10. 1884.

. . . . jS"©. 11. 1885.

. . Bind ii. ^0. 7. 1885.

Oversigt, 1883. No. 3. 1884.

, 1884. Nos. 1-3. 1884-85.

, 1885. ^0. 1. 1885.

Cracow. Akademija Umiejetnosci w Krakowie. Sprawozdanie.

KomisyiFizjgograficznej. Tom xviii. 1884.
W. Teisseyre. Obudowie geologiczn^j okolicy Tarnopola i Zbaraza,

Czesc n,, 216.—A. Altha. Sprawozdanie z podrozy w r. 1883 odbytej

po wschodniej Galicyi, 239.

Crystallological Society. Proceedings. Part 1 (1877). 1877.
A. Des Cloizeaux. Memoir on the three Types of Hmnite, 6.—W. C.

Brogger and G. Vom Rath. On certain large Crystals of Enstatite found
by W. C. Brogger and H. H. Reusch, 14.—F. Field. On Ludlamite, a
new Cornish IVIineral, 23.—W. J. Lewis. Notice of Crystallographical

Forms of Glaiicodote, 31.—E. Bertrand. Note on the Law of Twinning
and Hemihedrism of Leucophane, 35.—W. J. Lewis. Crystallographic

Notes, 37.

Part 2 (1882). 1882.

W. J. Lewis. Crystallographic Notes, 49.—N. S. Maskelyne. On an
Artificial Diopside Rock formed in a Bessemer Converter, 59.—N. S.

Maskelyne. Enstatite Rock from South Africa, 60.—W. Flight. Exa-
mination of two new Amalgams and a Specimen of Native Gold, 84.

—

L. Fletcher. Crystallographic Notes, 85.—W. G. Lettsom. On Rhab-
dophane, a new Mineral, 105.—W. G. Lettsom. On the Dichroism of

two European Andalusites, 108.—W. J. Lewis. Crystallographic Notes,

108.—L. Fletcher. Crystallographic Notes, 114.

»Dorpat. Natuxforscher-GeseUschaft. Archiv fur die Naturkunde

Liv-, Ehst- und Kurlands. Serie 2. Biologische Naturkunde.

Band x. Lief. 1. 1884.

. . Schriften I. 1884. (8vo.) Dorpat, 1884.
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Dorpat. jSTaturforsclier-Gesellscliaft. Sitzungsberichte. Band vii.

Heft 1(] 884). 1885.

J, Siemiradzki. Geologische Verhaltnisse von Martinique, 54.—C. Gre-
wingk. Ueber einige neue Fimde subfossiler Wirbelthierreste unserer

Provinzen, 143.—J. Siemiradzki. Beitrag zur Kenntniss unserer Torf-

moore, 174.

Dresden. jS'aturwissenscbaftliche Gesellscbaft Isis. Sitzungs-

bericbte und Abbandlungen. Jahrgang 1884, Jan.-Juni.

1884.
Sitzungsberichte

.

C. Konig. Ueber Moor und Torf, 21.—A. Purgold. Zirkon-ZwiUing
von Renfrew, Canada, und Pyrit aus Cornwall, 25.

. . . , Juli-December. 1885.

Sitzungsherichte

.

A. Purgold. Ueber die mineralogiscben und geologischen Ergebnisse
einer Reise in Italien, 58.

Ahhandlungen.

E. Danzig. Ueber das arckaiscbe Gebiet nordlicb vom. Zittauer und
Jescbken-Gebirge, 141.

Dublin. Royal Irish Academy. Proceedings. Ser. 2. Yol. ii.

'Eo. 5. Polite Literature and Antiquities. 1884.

. . . . Vol. iv. Nos. 1 & 2. Science.

1884.
J. P. O'Reilly. On tbe Directions of Main-lines of Jointing observable

in tbe Rocks about Dublin, and i^lieir Relations with existing Coast-lines

and with lines of Faulting and Contact of Geological Formations, Part II.,

116.

. . Transactions. Vol.xxviii. Science. Parts 14-16.

1883-84.

Dudley and Midland Geological and Scientific Society and Field

Club. Proceedings. Yol. iii. TsTo. 3. 1877. Presented by

W. WhitaJcer, Esq., F.G.S.

J. W. Oliver. Railway Cutting at Daw End, near Walsall, 111.

—

E. Terry. Section of Wenlock Shale from the Wren's Nest, Dudley, 113.

—W. J. Harrison. On the Rhsetic Section at Dunhampstead Cutting,

near Droitwich, audits correlation with the same strata elsewhere, 115.

—

J. H. Thomson. On Salt, 127.—C. Cochrane. Ink Photograph of the

Fossil JEtosaurus ferratus, Fraas, 130.—W. Molyneux. The Bunter
Conglomerates of Cannock Chase, 139.

Dulwich College Science Society. Sixth Annual Report, 1883-84.

1884.

R. G. Reid. Volcanoes, 16.—C. 0. Blagden. Amber, 20.—T. Rose.

Crystallography, 24.—A. Tribe. The Salt-mines of Stassfurt, 26.—
A. R. Saunders. Geology, 34.—S. W. Carruthers. Australia, 38.

—

W. Carruthers. Coal, and^the Plants which form it, 39.—A. Tribe. The
Chemistry of Coal, 41.

n2
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Dundee. East of Scotland Union of jS'aturalists' Societies. Eeports,

1884. 1885.

J. Dm-liam and W. N. Walker. Report on Geology, 73.—W. W.
Peyton. Report on ]\Iineralogy, 78.

East-India Association. Journal. Yol. xvi. Nos. 4—6. 1884.

. . Yol. xvii. Ifos. 1-4. 1885.

Easton. American Institute of Mining Engineers. Transactions.

Index, Yols. i. -x. 1884.

Edinburgh. Royal Physical Society. Proceedings. Session 1883-84.
1884.

A. Geikie. Opening Address, 1.—R. H. Traquair. Remarks on the
Genus Megalichthys (Agassiz), with Description of a new Species, 67.

—

R. H. Traquair. Notes on the Genus Gyracanthus (Agassiz), 91.—J. T.

Richards. On Scottish Fossil Cycadaceous Leares contained in the Hugh
Miller Collection, 116.—R. Kidston. On a specimen of Fecopteris

(? polymoiyha, Brongn.) in Circinate Yernation, with Remarks on the
Genera Spiropteris and Rhizomopteris of Schimper, 123.—R. Kidston.
On a new Species of Schutzia from the Calciferous Sandstones of Scot-

land, 127.—H. Gunn. On the Silver Districts of Colorado (Leadville

and San Juan), loo.—H. Miller. On Boulder-Glaciation, 156.—J. S. G.
Y'ilson and H. M. Cadell. The Breadalhane Mines, 189.—H. M. CadeU.
The Harz Mountains, their Geological Structure and History, 207.

. Royal Society. Proceedings. Yol. xi. No. 110. 1881-82.
R. Christison. On the Application of the Rocks of Ben Neyis to

Ornamental Art, 365.—Duns, The Surface-Geology of Mid-Lochaber, 483.

—M. F. Heddle. Chapters on the Mineralogy of Scotland, Chapter YH.,
549.—A. Geikie. Note on the Carboniferous Rocks of the South of

Scotland, 598.—R. Kidston. Report on the Fossil Plants collected by
the Geological Surrey of Scotland in Eskdale and Liddesdale, 603.—J. J.

Dobbie and G. G. Henderson. On the Formation of Serpentine from
Dolomite, 606.—M. F. Heddle. Geological Notes, 630.—T. H. Tizard and
J. Murray. Exploration of the Faroe Channel during the Summer of

1880, in'H.M.'s hired ship 'Knight Errant," 638.—D. Milne-Holme,
Report of the Boulder-Committee, with Remarks, 743.

. . . Yol. xii. No. 113. 1883.

D. Milne-Holme. Ninth Report of the Boulder-Committee, 193.

. . Transactions. Yol. xxx. Parts 2 & 3. 1881-82

& 1882-83.
M. F. Heddle. Chapters on the INlineralogy of Scotland, Chapter YH.,

427—B. N. Peach. Further Researches among the Crustacea and Ai-ach-

nida of the Carboniferous Rocks of the Scottish Border, 511.—R. Kidston.

Report on Fossil Plants collected by the Geological Survey of Scotland

in Eskdale and Liddesdale, 531.

. . . Yol. xxxii. Part 1. 1882-83.

Falmouth. Royal Cornwall Polytechnic Society. Fifty-first Annual
Report, 1883. 1884.

E. A. Wiinsch. On the Genesis of Slate Rocks, and on the Theory of

Vulcanicity, 51.
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PraiLkfort-on-the-Maine. Senckenbergischc Naturforschende Gesell-

schaft. Bericht, 1884. 1884.
F. Kinkelin. Ueber zwei siidamerikamsche diluviale Riesenthiere, lo6.

—F. Kinkelin. Ueber Fossilien aus Braunkohlen der Umgebung von
Frankfurt-a-M., 165.—F. Kinkelin. Sande und Sandsteine im Mainzer
Tertiiirbecken, 183.—F. Kinkelin. Die Scbleusenkammer von Frankfurt-
Niederrand und ibre Fauna, 219.—O. Bottger. Fossile Binnenscbnecken
aus den intermiociinen Corbicula-Thonen von Niederrand bei Frankfurt-
a-M., 258.—F. Hitter. Ueber neue Mineralfunde im Taunus, 320.

Geneva. Societe de Physique et d'Histoire Naturelle. Memoires.
Tome xxviii. Partie 2. 1884.

Geological Magazine. Dec. III. Yol. i. Nos. 7-12. 1884.
J. W. Dawson. Notes on tbe Geology of tbe Nile Valley, 289.—W. H.

Hudleston. Contributions to tbe Palaeontology of the Yorkshire Oolites,

293.—E. W. Claypole. On the Occurrence of the Genus JDahnanites in

the Lower Carboniferous Rocks of Ohio, 303.—S. Spence Bate. Archce-

astacus {Evyon) Willemoesii, a new Genus and Species of Eryonidae, 307.

—C. Ochsenius. Metalliferous Deposits, 310.—W. T. Blanford. On the

Classification of Sedimentary Strata, 318.—A. Irving. The Permian-
Trias Question, 321.—H. Woodward. On the Wing of a Neuropterous
Insect from the Cretaceous Limestone of Flinders River, North Queens-
land, Australia, 337.—W. H. Hudleston. Notes on some Mollusca from
South Australia, obtained near Mount Hamilton and the Peak Station,

339.—H. Woodward. Note on the Remains of Trilobites from South
Australia, 342.—O. C. Marsh. Principal Characters of American Creta-

ceous Pterodactyls : Part I. The Skull of Ptei-anodon, 345.—T. R. Jones.

On some Palaeozoic Phyllopoda, 348.—T, R. Jones and J. W. Kirkby.
On some Carboniferous EntomoGLxaca from Nova Scotia, 356.—C. Calla-

way. On a new Metamorphic Area in Shropshire, 362.—J. F. Blake.

Criticisms on recent Papers about Faults, 366.—J. W. Dawson. Notes
on the Geology of Egypt, 385, 439.—T. R. Jones and H. Woodward.
Notes on Pbyllopodiform Crustaceans, referable to the Genus Echinocaris,

from the Palaeozoic Rocks, 393.—0. Fisher. On Cleavage and Distortion,

Part v., 396.—T. G. Bonney. Remarks on Serpentine, 406.—R. D.
Oldham. Note on a Graphic Table of Dips, 412.—E. Wilson and H. E.
Quilter. The Rhaetic Section at Wigston, Leicestershire, 415.—W.
Davies. Notes on some new Carnivores from the British Eocene Forma-
tions, 433.—R. Lydekker. Notes on some Fossil Carnivora and Rodentia,
442.—T. M. Reade. On a Section of Keuper Marls at Great Crosby, 445.

—W. Topley. Report upon the National Geological Surveys of Europe,
447.—E. W. Claypole. Pennsylvania before and after the Elevation of

the Appalachian Mountains, 466.—E. Gilpin. A Comparison of the

Distinctive Featiu^es of Nova-Scotian Coalfields, 467.—W.Whitaker. The
Value of Detailed Geological Maps in relation to Water-supply and other

Practical Questions, 468.—J. W. Dawson. On the more Ancient Land-
floras of the Old and New Worlds, 469.—G. F. Mathew. The Geological

Age of the Acadian Fauna, 470.—G. F. Mathew. The Primitive Cono-
coryphean, 471.—H. Miller. On Fluxion-Structure in Till, 472.—J. D.
Dana. On the Southward Ending of a great Synclinal in the Taconic
Range, 473.—J. H. Panton. Gleanings from Outcrops of Silurian Strata

in Red River Valley, Manitoba, 474.—C. E. De Ranee. Tenth Report
of the Underground Waters Committee, 475.—T. R. Jones. On the

Geology of South Africa, 476.—L. W. Bailey. The Acadian Basin in

American Geology, 478.

. . . . . Purchased,
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Geological Magazine. Dec. HE. Yol. ii. Kos. 1-6. 1885.
R. A. C. Godwin-Austen, Life of, 1.—H. Woodward. Iguanodon

MantelU, Meyer, 10.—A. Harker. The Cause of Slaty Cleavage, 15.

—

A. Irving. Water-supply from the Bagshot Beds, 17.—T. M. Eeade.
Gulf-Stream Deposits, 25.—W. H. Hudleston. Contributions to the
Palaeontology of Yorkshire, 49.—F. W. Hutton. Geological Nomen-
clature, 59.—E. Lydekker. Note on Three Genera of Fossil Ai'tiodactyla^

with Description of a new Species, 63.—G. A. Lebour. Note on the
Posidonomya Becheri Beds of Budle (Northumberland), with Eemarks
on the Distribution of the Species, 73.—T. G. Bonney. On the Occur-
rence of a ]Mineral allied to Enstatite in the Ancient Lavas of Eycott
Hill, Cumberland, 76.—C. Lapworth. On the Close of the Highland
Controversy, 97.—J. J. H. Teall. On some Quartz-Felsites and Augite-
Granites from the Cheviot District, 106.—W. H. Hudleston. Contri-
butions to the Palaeontology of the Yorkshire Oolites, 121, 151, 201, 252.

—H. Goss. On the recent Discovery of the Wing of a Cockroach and
two Scorpions in Rocks of Silurian Age, 129.—E. Lydekker. Note
on an apparently new Species of Hyopotamus (H. "Picteti), 131.

—

B. S. Lyman. Contour-Lines on Geological Maps, 132.—J. S. Gardner.
Oscillations of Level along our South Coast since the Human Period, 145.

—T. E. Jones. Intermittent Streams in Berkshii-e, 148.—G. H. Kinahan.
Canadian Archaean or Pre-Cambrian Eocks and the Irish Metamorphic
Eocks, 159.—E. Lydekker. A Eevision of the Antelopes of the Siwaliks,

169.—E. J. Dunn. On the Mode of Occurrence of Gold in the Transvaal
Goldfield, 171.—J. W. Judd. On the Occurrence^ as a Common Eock-
iorming Mineral, of a remarkable Member of the Enstatite Group
(amblystegite, Vom Eath), 173.—0. Fisher. The Cause of Slaty

Cleavage ; Shearing v. Compression, 174.—T. F. Jamieson. The Inland
Seas and Salt-Lakes of the Glacial Period, 193.—M. E. Wadsworth.
On the Presence of Syenite and Gabbro in Essex County, Massachusetts,

207.—C. Davison. On a possible Cause of the Disturbance of Magnetic
Compass-Needles during Earthquakes, 210.—.1. S. Gardner. On the

Land-MoUusca of the Eocenes, 241.—0. Callaway. A Plea for Com-
parative Lithology, 258.—S. H. Scudder. Two more English Car-
boniferous Insects, 265.—A. Harker. On the Successive Stages of Slaty

Purchased.

Geologists' Association. Proceedings. Yol. viii. No. 7. 1884.

D. Honeyman. Glacial Distribution in Canada, 377.—A. Strahan and
W. D. Carr. Excursion to Lincoln, 383.—H. H. Godwin-Austen. Ex-
cursion to Guildford and the new Eailwav Works in Progress there, 390.

—W. Topley. Excursion to the Crystal Palace, 391.—T. V. Holmes.
Excursion to Tilbmy Docks, 392.—^W. H. Dalton. Excursion to Epsom
and Dorking, 396.—T. McK. Hughes. Excursion to Cambridge, 399.—
T. Y. Holmes. On some Curious Excavations in the Isle of Portland,

404.— J. L. Lobley. Excursion to Caterham and Merstham, 411.—C. E.

De Eance. Excursion to the International Health Exhibition, 413.

. . . No. 8. 1884.

J. F. Blake. The North-west Highlands and their Teachings, 419.

—

C. Lapworth. On the Stratigi'aphy and Metamorphism of the Eocks of

the Diu-ness-Eriboll District, 438.—W. A. E. Ussher. On the Geology
of South Devon, with special reference to the Long Excm-sion, 442.

—

J. Hopkinson. Eeport on the Excm'sion to Eadlett, 452.—E. N. Worth
and A. Champernowne. Eeport on the Excursion to South Devon, 458.
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Geologists' Association. Proceedings. Yol. ix. No. 1. 1885.
H. Hicks. On some recent Researches in Bone-Caves in Wales, 1.

—

E.. Meldola. On some Geological Aspects of tlie East-Anglian Earth-
quake of April 22nd, 1884, 20.

Giessen. Oberhessische Gesellschaft fur Natur- und Heilkunde.

Bericht 23. 1884.

Glasgow. Geological Society. Transactions. Yol. vii. Part 2
(1882-84). 1885.

R. Craig. Volcanic Disturbance of the Ironstone Measures in the
vicinity of Dairy during the Carboniferous Period, 233.—.J.R. S. Hunter.
Biographical Sketch of the late Robert Slimou, 238.—J. Young. On
the Identity of Ceramopora {Bereniced) megastoma, McCoy, with Fistu-

lipora mmor, McCoy, 244.—D. Forsyth. A Bed of Post-glacial Clay,

exposed by Dredging in the Harbour of Girvan, Ayrshire, 251.—J. Home.
The Geology of the Isle of Man, 254.—T. King. Notes on a recent Flood in

the Deserts ofAtacama, North Chile, 262.—J.Young. Notes on Ure's " Mil-
lepore" Tahulipora TJrii^ J.Young {Cellepora Uri% Flem.), 264.—J.R. S.

Hunter. Three Months' Tent Life amongst the Silurian Hills of Logan
Water, Lesmahagow, 272.—T. Scott and J. Steel. Notes on the occurrence
of Leda m-ctica, Gray, Lyonsia arenosa, Moller, and other Organic Remains
in the Post-pliocene Clays of Garvel Park, Greenock, 279.—J. Smith.
Cleaves Cove, Dairy, Ayrshire, its Exploration and History, 284:—A.
Patton. Geological Observations in the Parish of East Kilbride, Lanark-
shire, 309.— J. White. Random Notes on the English Lake-District,

334.—D. Bell. On the Geology of Ardrossan and West Kilbride, 342.—
D. C. Glen. Notes on the Sphe^ub+e Rock of CorriegiUs, and the Banded
Pitchstone of Invercloy, Arran, 352.—D. Forsyth. The Silurian Rocks
of the Girvan District, 358.—J. Young. Note on Favosites (?) {Calamo-
pora) dentifera, Phillips, 369.—A. Macconochie. Review of the Southern
Silurian Question, 370.—J. R. S. Hunter. The Silurian Districts of

Leadhills and Wanlockhead, their early and recent Mining History, 373.

—R. H. Traquair. On a specimen of Psephodus magnus, Agassiz, from
the Carboniferous Limestones of East Kilbride, Lanarkshire, 392.—T.
Scott. Some Notes on a Eossiliferous Shale, a little way below the

Oloch Lighthouse, 402.

Haarlem. Societe Hollandaise des Sciences. Archives Neerlan-

daises. Tome xix. Livr. 2-b. 1884.

R. D. M. Verbeek. Rapport sommaire sur I'eruption de Krakatau les

26, 27 et 28 aout 1883, 153.—E. H. von Baamhauer. Sur la meteorite

de Ngawi, tombee le 3 octobre 1883, dans la partie centrale de I'ile de

Java, 177.

Halifax, N. S. Nova-Scotian Institute of Natural Science. Pro-

ceedings and Transactions. Yol. vi. Part 2 (1883-84). 1885.

E. Gilpin, jun. Notes on the Debert Coal-field, Colchester, N.S., 93.

—E. Gilpin, jun. Notes on the Manganese Ores of Loch Lomond, 97.

—

S. D. McDonald. Sable Island, 110.—D. Honeyman. Glacial Action at

Rimouski, Canada, and Loch Eck, Argyleshire, Scotland, 119.—D.
Honeyman. Notes of a Polariscopic and Microscopic Examination of

Crystalhne Rocks of Nova Scotia and Cape. Breton, 121.—M. Murphy.
Some Physical Features of Nova Scotia, with notes on Glacial Action,

130.—D. Honeyman. Glacial Distribution in Canada, Appendix, xiii.
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Halle. Kaiserliche Leopoldinisch-Carolinische Deutsche Akademie
der JN^aturforscher. Yerhandlungen (Nova Acta). Band xlv.

1884.
F. E. Geinitz. Die skandinavisclien Plagioklasgesteine und Phonolitli

aus dem mecklenburgisclien Diluvium, 33.

'-.
. . Bandxlvi. 1884.

. Zeitsckrift fiir Naturwissenschaften. Band Ivii. (Folge 4,

Band iii.). Hefte 2-6. 1884.
H. Hofmann. Untersucliungen iiber fossile Holzer, 156.—K. Dalmer.

Die geologisclien Verhaltnisse der Insel Elba, 258. — H. Hofmann.
Ueber Pflanzenreste aus dem Knollenstein von Meerane in Sacbsen,
456.

. . Band Iviii. (Folge 4, Band iv.). Heft 1. 1885.

Havre. Societe Geologique de Norman die. Bulletin. Tome ix.

(1882). 1884.

G. Lionnet. Notes g^ologiques et mineralogiques sm* la Bourboule et

les environs, 8.—C. Beaugrand. Le Cenomanien de Villers-sur-Mer, 16.

—E. Savalle. Note sur un gisement de Cardium edule a Benerville, 18.

—E. Savalle. Note sur des SUex tallies, de la Periode Neolitbique,

trouves a Octeville, bameau du Tot, 20.—E. Savalle. Note sur I'Etat

des Falaises, du Havre a CauviUe, pendant les annees 1881-82, 24.—E.
Savalle. Note sur une Station Neolithique, decouverte a Cauville dans

la plaine de Villequier, 26.—F. Prudbomme. Note sur la position du
Cap de la Heve dans les temps bistoriques, 27.—P. Bizet. Notice a

I'appui des profils geologiques des cbemins de fer de Mortagne a Menil-

Mauger et de Mortagne a Laigle, 87.—G. Lennier. Compte-rendu d'une

excursion geologique a Saint-Jouiu, Antifer et Etretat, 56.—Skrodsky.

Note sur la presence a Tilly-sur-Seulles du Lepidotus elvensis, 61.—G.

Lionnet. Excm-sions a Tancarville, Lillebonne, Bolbec, Mirville, Fecamp,
64.—C. A. Lesueur. Notice sur les vues et coupes du Cap de la Heve,
82.

Hobart Town. Royal Society of Tasmania. Papers and Proceedings

for 1882. 1883.

B. Etberidge, jun. .A Description of the Remains of Trilobites from
tbe Lower Silurian Rocks of tbe Mersey-River District, Tasmania, 150.

—

R. Etberidge, jun. Bracbiopoda from tbe Conglomerate of Table Cape,

168.

. . 1883. 1884.

. . 1884. 1885.

R. M. Jobnston. Notes regarding certain Fossil SbeUs occurring at

Table Cape, supposed to be identical with living species, 199.—F. von
Miiller. References to Baron Constantin von Ettingsbausen's recent

Observations on tbe Tertiary Flora of Australia, 203.—R. Tate. Notes of

a critical Examiaation of tbe Mollusca of tbe older Tertiary of Tasmania

alleged to bave living representatives, 207.—T. Stephens. Notes on

Boring Operations in search of Coal in Tasmania, 217.—R. M. Johnston.

Description of a new Species of Vitrina from the Travertin Beds, Geilston,
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219.—R. M. Johnston. Additions to the list of Table Cape Fossils,

together with further Kemarks upon ceitain Fossil Shells supposed to be
identical with living species, 220.—R, M. Johnston. Discovery of Ento-
mostraca in the Upper Members of the Travertin Beds, Geilston, and a
description of a new species of Ci/pris, 224.—R. M. Johnston. Discovery
of a Cone, probably of a species of Lepidostrohus, in the Sandstones of

Campania, 225.—R. Tate, Description of new Species of Mollusca of the

Upper Eocene Beds at Table Cape, 226.—R. M. Johnston. Description

of a new Fossil Shell from the Eocene Beds, Table Cape, 232.—R. M.
Johnston. Description of a new Species of Crepidula from the Eocene
Beds, Table Cape, 233.—Short. Summary of Observations on Earthquake
Phenomena made in Tasmania during 1883 and 1884, 263.

Institution of Civil Engineers. Minutes of Proceedings. Vol. Ixxvii.

1884.

-. . Vol. Ixxviii. 1884.

. Vol. Ixxix. 1885.

Knowledge. Nos. 138-165. 1884.

. jS^os. 166-190. 1885.

Lausanne. Societe Vaudoise des Sciences Naturelles. Bulletin.

Serie 2. Vol. xx. No 90. 1884.

Hans Schardt. Etudes Geologiques sur le Pays-d'Enhaut Vaudois, 1.

E. Renevier. Le Musee Geologique de Lausanne en 1883, 230.

. . . . . ]N"o. 91. 1885.
A . Jaccard. Essai sur les phenomenes erratiques en Suisse pendant la

periode quaternaire, 381.—H. Golliez. Rapport de la Commission des

blocs erratiques 1883-84, 389.

Leeds. Philosophical and Literary Society. Annual Report for

1884. 1884.

. Yorkshire Geological and Polytechnic Society. Proceedings.

N. S. Vol. viii. Part 3. 1884.

W. C. Williamson. BiogTaphical Notices of Eminent Yorkshire Geo-
logists : III. John Williamson, 295.—R. Carter. On the jNlineral Wells
at Harrogate, 313.—C. Fox-Strangw^ays. The Harrogate Wells, or the
Mineral Waters of Harrogate geologically considered, 319.—G. Oliver.

The Mineral Springs of the Grand Anticlinal of the West Riding, 336.

—

R. H. Davis. The Mineral Wealth of Harrogate, 357.—R. L. Whiteley.
Analysis of the Kissingen Saline Chalybeate Water, 1883, as compared
with Analyses in 1845, 1867, and 1879, 366.—T. Hick and W. Cash.
Contributions to the Fossil Flora of Hahfax, 370.—G. R. Vine. Further
Notes on new Species, and other Yorkshire Carboniferous Fossil Polyzoa
described by Prof John PhiUips, 377.—H. B. Stocks. On the Compo-
sition of the Coal Balls and Baum Pots in the Lower Coal-Measures,
393.—J. W. Davis. On a new Species of Heterolepidotus from the
Lias, 408.
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Leicester. Literary and Philosophical Society. Report and Trans-
actions, 1883-84. 1884.

J. Marriott. The Beds exposed in the Railway-cutting at Slawston
Hill, 80.—H. E. Quilter. The Rhgetic Beds of the Spinney HiUs, 81.

—J. D. Paul. The Cores from a Boring made near Evington, 83.

—

H. E. Quilter. The Cutting near Market Harhorough Station, 86.

Session 1884-85. Inaugural Address delivered by
G. Shaw, October 6th, 1884. (8vo.) 1885.

. Town Museum. 10th Report of the Museum-Committee
to the Town Council, 1882-84. 1884.

Leipzig. Zeitschrifb fiir KrystaUographie nnd Mineralogie. Band
viii. Heft 5. 1883. Purchased.

. . Band ix. Hefte 3-6. 1884. Purchased.
C. Morton. Stephanit von Kongsherg, 238.—J, Lorenzen. Unter-

suchung einiger Mineralien aus Kangerdluarsuk, 243.—J. A. Krenner.
Ueber den Szaboit, 255.—E. S. Dana. Ueber Herderit von Stoneham,
Maine, 278.—C. Dolter. Zur Synthese des Nephelins, 321.—A. Forstner.

Ueber kiinstliche physikalische Veranderungen der Feldspathe von Pan-
telleria, 333.—A. Cathrein. Neue Krystallformen tiroliscber Mineralien,
353.—A. Cathrein. Ueber den Orthoklas von Valfloriana, 368.—A.
Cf.threin. Ueber Umwandlungspseudomorphosen von Skapohth nach
Granat, 378.—E. PaUa. Ueber die vicinalen Pyramidenflachen am
Natrolith, 386.—T. Liweh. i^nglesit, Cerussit und Linarit von der
Grube " Hausbaden " bei Badenweiler, 499,

. . Band x. Hefte 1-3. 1885. Purchased.

E. Kalkowsky. Ueber Olivinzwillinge in Gesteinen, 17.—T. Hiortdahl.

Colemanit, ein krystallisirtes Kalkborat aus Californien, 25.—C. Busz.

Ueber den Baryt von Mittelagger, 32.—A. Knop. Ueber die Augite des

Kaiserstuhlgebirges im Breisgau (Grossherzogthum Baden), 58.—H.
Sjogren. Ueber die Manganarseniate von Nordmarken in Wermland, 113.

—G. Vom Rath. Mineralogische Mittheilungen, 156.—C. Bodewig und
G. Vom Rath. Colemanit aus Californien, 179.—0, Liidecke. Ueber
Thiiruiger Mineralvorkommnisse (Orthit, Datolith, Albit, Anatas), 186.

—

A. Schmidt. Ueber die Minerale von Palsocz-Ardo, 202.—^A. Schmidt.

Die Minerale eines Andesits von der Umgegend von Mahias, 210.—G. E.

Moore und V. von Zepharovich. Kallait Pseudomorph nach Apatit aus

Cahfornien, 240.

Leyden. Geologische Reichs-Museums Sammlungen. J^o. 10. 1884.

Purchased.

Beitrage zur Geologic Ost-Asiens und Australiens, Band iv. Heft 1

:

Ueberreste vorweltlicher Proboscider von Java und Banka von K. Martin

(pp. 1-24, pi. 1).

Liege. Societe Geologique de Belgiqne. Annales. Tome x.

(1882-83). 1884.
A. de Ceuleneer. Le dolmen de Weris, Ix.—G. Dewalque. Un nou-

veau gite fossilifere dans le poudingue de Burnot, Ixix.—G. Dewalque.

Sur la hatchettite de Seraing, Ixxi.—G. Dewalque. Sur Pholadomya
Esmarkii, Ryckh. (non Pusch, non Nilss.), Ixxxv.—A. Firket. Sur
I'exteusion, en Angleterre, du bassin houiller franco-beige, xciii.—A.
Firket. Decouverte de la chalcocite a Moet-Fontaine (Rahier); xcvii.

—
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M. Loliest. Decouverte de stringocephales dans le poudingue de Biu-not

a Nessonvaux, xcix.—L. L. de Koniuck, Influence de la pyrite sur le

dosage des composes ferreiix dans les silicates, ci.—G. Cesaro. Sur un
silicate double de zinc et d'aluniiniiun hydrate, cxi.—G. Cesaro. Sur la

probabilite de la Voltzine cristallisee, cxii,—E. Delvaux. Note prelimi-

naire sur un depot d'ossements de mammileres decouvert dans la tourbe,

aux environs d'Audenarde, cxliii.—A. Rutot. Note sur les decouvertes

de vert^bres fossiles dans I'Eocene inferieur de Belgique, cliv.—G.
Dewalque. Compte-rendu de la session extraordinaire de la Societe,

tenue a Liege les 26, 27 et '28 aout 1883, clviii.

Memoires.

E. Delvaux. Note sur le forage d'un puits artesien execute a la fabrique

de MM. Dupont, freres, a Renaix, 2.—0. Malaise. Sur la composition
du massif Ardoisier du Brabant, 19.—0. Ubaghs. La machoire de la

Chelonia Hoffmanni, Gray, 25.—G. Cesaro et G. Despret. La Richellite,

nouvelle espece minerale des environs de Vise, 36.—J. Fraipont. Re-
cbercbes sur les crinoides du famennien (devonien superieur) de Belgique,

45,

Bihliogi'apJiie.

H. Forir. Memoire sur la formation de la houille, par C, Grand'Emy, 3.

—H, Forir. Sur la maniere d'etre des structures gTenue et porpliyrique
dans les roclies eruptives, par A. Rosenbuscli, 17.

Liege. Societe Geologique de Belgique. Annales, Tome xi.

(1883-84). 1884.
E. Delvaux. Sur I'extension du ' depot erratique de la Scandinavie en

Belgique, Ivii.—G. Dewalque. Sur des empreintes vegetales trouvees

dans I'etage gedinnien pres de Vielsalm, Ixii.—G. Devralque. Sur la

rbodochrosite de Chevron, Ixiii.—A. Cocheteux. Sm* la decouverte
de malachite a Chokier, de wad a FlemaUe-Haute et d'aragonite a
Angleur, Ixix.—J. Libert. Sur le mineral de zinc de Beaufays et sur un
gite de limonite a Louveigne, Ixx.—H. Forir. Note sur un gisement de
bois fossile a Beaumont, Ixxiii.—R, Storms. Un nouveau gite diestien

fossilifere, Ixxxi.—M. Lohest. Sur les mineraux et fossiles du calcaire

carbonifere inferiem- des vallees de I'Gurthe et de I'Ambleve, Ixxxii.

—

A. de Vaux. Sur I'apatite de Marvao, Portugal, xciii.—V. Watteyne.
Sur une transformation remarquable d'une couche de houille, xcv.—V.
Watteyne et G. Dewalque. Sur la presence de la barytine dans I'etage

houiller du couchant de Mons, xcvii.—A. Firket. Documents pour I'etude

de la repartition stratigraphique des vegetaux houillers de la Belgique,

xcix.—E. Delvaux. Presentation d'mi bloc anguleux zirconien, trouve

dans la Flandre, cii.—C. De la Vallee Poussin. Sur le landenien supe-

rieur, civ.—G. Dewalque. Sur la terminaisou N.E. du massif cambrien
de Stavelot, cxix.—M. Lohest. Decouverte de gisements de phosphate

de calcium en certains points de la Hesbaye, cxx.—E. Delvaux. Epoque
quaternaire. Sur quelques nouveaux fragments de blocs erratiques re-

cueillis dans la Flandre et sur les collines francaises, cxliii.—0. van Ert-

born et P. Cogels. Sur quelques depots modernes des environs d'Anvers,

cxlix.

Meinoires.

E. Delvaux. Des puits artesieus de la Flandre, 3, 118. — W.
Spring. Note sur la .veritable origine de la difference des densites d'une

couche de calcaire dans les parties concaves et dans les parties convexes

du meme pli, 48.—E. Delvaux. De I'extension des depots glaciaires de
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la Scandinavie et de la presence de blocs erratiques du Nord dans les

plaines de la Belgique, 52.—E. Prost. Sur la salmite de Dumont,
MS., cHoritoide manganesifere, 98.—J. Fraipont. Notice sur une caverne

a ossements d' TJrsus spelcBus, 98.—J. Fraipont. Recherches sur les cri-

noides du famennien (devonien superieur) de Belgique, Partie III., 105.

—

W. Spring et E. Prost. Etude sur les eaux de la Mouse, 123.—A. Firket.

Composition chimique de quelques calcaires et de quelques dolomies des

terrains anciens de la Belgique, 221.—G. Cesaro. Memoire traitant : 1°

de la koninckite, 2° de la formule de la richellite, 3° de I'oxyfluorure de
fer, 247.—E. Delvaux. Decouverte de gisements de phosphate de chaux
appartenant a Tetage ypresien dans le sous-sol de la ville de Renaix et

dans celui de la region de Flobecq, 279.—M; Lohest. Recherclies sur les

poissons des terrains paleozoiques de Belgique : Poissons de I'ampelite

alunifere, des genres Campodus, Petrodus et Xystracanthus, 294.

Bihliographie.

H. Forir. Sur la deposition stratigraphique et les roches eruptives des

Ardennes fran^aises, principalement du massif de Pocroy, par A. yon
Lasaulx, Bibl., 3.—H. Forir. Pechercbes sur le developpement des

rocbes scbisto-cristallines anciennes. . . .par J. Lebmann, 20.—H. Forir.

Sur les zones climateriques pendant les periodes jurassiqueet cretacee, par

M. Neumayr, 25.—F. Dewalque. Sur le gisement et I'exploitation de la

strontianite en Westpbalie, 41.

LiUe. Societe Geologique du Nord. Annales. Tome xi. (1883-84).

Livr. 3 & 4. 1884.
J. Gosselet, Sur la faille de Pemagne et sur le metamorpbisme qu'elle a

produit, 176.—J. Ortlieb et A. Six. Une excursion a Pernes, 190.—J.

Ortlieb. Fossiles diluviens trouves a Willems, 199,—A. Six. Les Fou-
geres du terrain bouiUer du Nord, 201.—A. Six. Un oiseau landenien en

Belgique, 212.—A, Six. Les Crocodiles de Bernissart, 214.—C. Barrois.

Sur les ardoises a Nereites de Bourg d'Orieil, Haute-Garonne, 219.—C.

Barrois, Sur I'etage aptien de la Haute-Garonne, 227.—A. Six. Les
appendices des Trilobites, 228.—A. Six. Un nouveau Dinosaurien d'apres

le professem' 0. C. Marsb, 237.—Boussemaer. Note sur les coucbes supe-

rieures du Mont Aigu, 243, 381.—J. Gosselet. Note sur quelques affleure-

ments de poudingues devonien et liassique et sur 1'existence de depots

siluriens dans I'Ardenne, 245.—Hassenpflug. Sur I'ozokerite, 253.

—

J. Gosselet. Note sur les scbistes de Saint-Hubert dans le Luxembourg
et principalement dans le bassin de Neufchateau, 258.—C. Barrois. Ob-
servations sur la constitution geologique de la Bretagne, 278.—A. Six.

Compte-rendu de I'excursion annueUe [environs de Bavai], 285.—A. Six.

Le Batracien et les Cheloniens de Bernissart [d'apres M. DoUo], 297.

—

A. Six. Les Dinosaujiens carnivores du Jurassique americain, d'apres

M. le prof. O. C. Marsh, 306.—C. Barrois. Note preliminaire sur les

scbistes a staurotides du Finistere, 312.—A. Six._ Le Challenger et les

abimes de la mer [d'apres MM. Murray et PenardJ, 313.—A. Six. [Les

bydrocarbures naturels de la serie du petrole,] 334.—J. Gosselet. Pe-
marques sur la faune de I'assise de Vireux, 336.—J. Gosselet. Note sur

deux roches cristallines du terrain devonien du Luxembourg, 338.—C.

Queva et H. Fockeu. Compte-rendu de I'excursion dans le massif de

Stavelot, 340, 360.—H. Fockeu. Compte-rendu de I'excursion du 5 Juin

1884 dans les environs de Mons, 363.—C. Queva. Compte-rendu d'une

excursion geologique dans le terrain jurassique de Maubert-Fontaine a

Lonny, 369.—J. Gosselet. Etude sur les tranchees du chemin de fer de

I'Est entre Saint-Michel et Maubert-Fontaine, 376.—T. MeUard Peade.

Domes en miniature a la surface des sables, 379.

i
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Lille. Societe Geologique du Nord. Annales. Tome xii. (1884-
85). Livr. 1-3. 1885.

C. Barrois. Le granit de Rostrenen, ses apophyses et ses contacts, 1.

—

A. Six. Les Dinosauriens de Bernissart, 120.—Cambessedes. Travaux
de sondage en Hainaut, 124.—Jannel. Etude geologique de la ligne de
Mezy a Romilly, 127.—S. Calderou. Resume de quelques recherclies

orographiques dans le plateau central de FEspagne, 148.—C. Barrois.

Legende de la feuille de Granville, 154.—C. Maurice. Le Lac tertiaire

Florissant, Colorado : Analyse d'un travail de M. Samuel Scudder, 158.

—G. Lecocq. Excursion de 1'Association fran^aise pour I'avancement des
sciences (sections de geologie et d'anthropologie) faite a Thenay, le 8 Sep-
tembre 1884, lors du Congres a Blois, 169.—C. Barrois. Observations
sur des sediments clastiques du bassin de Paris, d'apres le memoire du Dr.

Hans Thiiracb, 172.—J. Gosselet. Note sur les schistes de Bastogne, 173.

—J. Gosselet. Sur la structure geologique de I'Ai-denne d'apres M. von
Lasaulx, 195.—A. Six. Le granite ardennais, 202.—A. Six. Les Scor-

pions fossiles, 229.—J. Gosselet. Note sur divers sondages faits aux en-
virons de Lille, 246.—H. Fockeu. Note sur la craie de Lille, 255,

Linnean Society. Journal. Botany. Yol. xxi. Nos. 134 & 135.

1884.

. . . . Nos. 136 & 137. 1885.

. . Zoology. Vol. xvii. No. 103. 1884.
A. W. Waters. Closure of the Cyclostomatous Bryozoa, 400.

—. . . Yol. Tviii. Nos. 104-106. 1884.
P. Martin Duncan. A Revision of the Families and Genera of the

Sclerodermic Zoantharia, Ed. & H., or Madreporaria (M. rugosa ex-

cepted), 1.

. . . . Nos. 107 & 108. 1885.

J. W. Davis. On Heterolepidotus grandis, a Fossil Fish from the Lias,

293.—P. Martin Duncan. On the Family Arbaciadae, Gray : Part I.

The Morphology of the Test in the Genera Cozlopleurus and Arhaciay

25.

. Transactions. Ser. 2. Botany. Vol. ii. Part 7. 1884.

. _. . Zoology. YoL ii. Part 10. 1884.

Lisbon. Secgao dos Trabalhos Geologicos de Portugal. Communi-
cagoes. Tomo i. Fasc. 1 (1885). 1885. [Anciennement

:

Commission Geologique du Portugal.] (8vo.)

J. F. N. Delgado. ConsideraQoes acerca dos estudos geologicos em
Portugal, 1.—A. Ben-Saude. Anomalias opticas de crystaes tesseraes,

15.—P. Choffat. De I'impossibilite de comprendre le Callovien dans le

Jurassique superieur, 69.—D. J. Macpherson. Estudo petrographico das

ophites e teschenites de Portugal, 89.— P. Choffat. Nouvelles donnees

sur les vallees typhoniques et sur les eruptions d'ophite et de teschenite en
Portugal, 113.—Rapport des membres portugais des sous-commissions

hispano-lusitaniennes en vue du Congres geologique international devant

avoir lieu a Bologne en 1881, 123.—Reponse de la sous-commission

portugaise a la circulaire de M. CapelHni, President de la Com-
mission internationale de nomenclature geologique, 134.—Rapport de la

sous-commission portugaise de nomenclature, en vue du Congres geolo-

gique international devant avoir lieu a Berlin en 1884, 141.—P. Choffat.
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Age du granite de Cintra, 155.—P. ChoiFat. Sui* la place a assigner an
Callovien, 159.

Lisbon. Sociedade de Geographia. Boletin. 4^ Serie. IN'os, 6-8,
10 & 11. 1883.

Liverpool G-eological Society. Proceedings. Yol.iv. Part 6 (1883
-S-i). 1884.

D. ^lackintosli. Tlie Time vrliicli lias elapsed since the Close of tlie

Glacial Period, 417.—G. H. Morton. Section across tlie Trias recently
exposed by a Eailway Excavation in Liverpool, 427.—T. M. Eeade.
Experiments on the Circulation ofWater in Sandstone, 434.—C.Eicketts.
On Indented Pebbles in the Bunter Sandstone near Prescot, 447.

London, Edinburgh, and Dublin Philosophical Magazine and Journal
of Science. Ser. -5. Yol. xviii. I^os. 110-115. 1884. Pre-
sented hy Br. W. Francis, F.G.S.

H, A. Miers. Hemihedrism of Cuprite, 127.—J. CroU. On the Cause
ofMild Polar Climates, 268.

. . Yol. xix. ISTos. 116-121. 1885. Presented by Dr.
W. Francis, F.G.S.

J. CroU. On Arctic Literglacial Periods, 30.

London Iron Trades Exchange. Nos. 1307-1333. 1884.

. Nos. 1334-1357. 1885.

Manchester. Geological Society. Transactions. Yol. xvii. Parts

16-18 (1883-84). 1884.

J. D. Kendall. The Mineral Yeins of the Lake District, 292.

. . . Yol. xviii. Parts 1-9. 1884-85.
"W. Boyd DawMns. On some Deposits of Apatite near Ottawa, Canada,

47.—C. E. De Pance. On the Occurrence of Brine in the Coal Measures,

Tvith some remarks on Filtration, 61.—W. Boyd DawMns. The Car-
boniferous Flora, 101.—G. H. Kinahan. On a possible Genesis of the

Canadian Apatite, 123.—G. A. Elnahan. Notes on Professor Boyd
Dawkins's paper. " Apatite Deposits near Ottawa," 132.—M. Stirrup. On
Coal and Coal Plants, 189.

Melbourne. Boyal Society of Yictoria. Transactions. Yol. xx.

1884.

J. Stirling. On the Caves perforating Marble Deposits, Limestone
Creek, 7.—A. W. Howitt. The Ptocks of Noyang, 18.

Mineralogical Society. Mineralogical Magazine and Journal.

Yol. vi. Nos. 27-29. 1884.

K. J. Y. Steenstrup. On the existence of Nickel-Iron with Wid-
mannstatten's figures in the Basalt of North Greenland, 1.—J. Lorenzen.

A chemical exainination of Greenland Telluric Iron, 14.—T. G. Bonney.

On some specimens of Lava from Old Providence Island, 39.—H. Louis.

Note on a new mode of occmTence of Garnet, 46.—T. G. Bonney. Note
on a case of replacement of Quartz by Fluor Spar, 48.—W. Simmons.
Notes on '• Enargite " from Montana, U.S.A., 49.—C. 0. Trechmann.

Analysis of an altered Siderite from Helton Beacon Lead Mine; near
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Appleby, 52.—T. G. Bonney. Notes on a Picrite (Palaeopicrite) and
other Rocks from Gipps' Land, and a Serpentine from Tasmania, 54.

—

H. A. Miers. The Crystallography of Bom-nonite, 59.—R. H. Solly. On
the tetartohedral development of a Crystal of Tourmaline, 80.—T. Car-
nelley. Applications of the Periodic Law to Mineralogy, 83.—W. J.

Macadam. On Diatomaceous deposits in Scotland, 87.—H. M. Cadell.

On the Age and Origin of the 3Ietallic Veins of the Upper Harz, 90.—J.

Home. The Origin of the Andalusite Schists of Aberdeenshire, 98.

—

W. Morrison. The mineral Albertite, Strathpefter, Ross-shire, 101.—A.
Taylor. On the occm-rence of Prehnite and other minerals in the Rocks
of Samson's Ribs and Salisbury Crags, 104.—T. Wallach. On Kyanite
localities in the North, 106.—T. A. Readwin. Note on Welsh Gold,
108.—W. H. Bell. Note on a new locality for Zoisite, 109.—T. G.
Bonney. Address to the Mineralogical Society, 111.—R. H. Solly. Fine
crystals of pale lilac Calcite from TankerviUe Mine, near Shelve, Shrop-
shire, 120.—Guyot de Grandmaison. Description of a crystal of Parisite,

123.—W. Semmons. Fiu'ther notes on Enargite, 124.—W. W. Peyton.
Some occurrences of Actinolite in Scotland, 126.—J. E. Ady. Observa-
tions on the preparation of mineral and rock-sections for the JMicro-

scope, 127.

Montreal. Natural History Society. Canadian Record of Science.

Vol. i. No. 1. 1884. [Replacing the Canadian Naturalist.]

(8vo.)

J. W. Dawson. On Rhizocai-ps in the Palaeozoic Period, 19.—J. W.
Dawson. Notes on JEozoon canadens'e, 58.

Moscow. Societe Imperiale des Naturalistes. Bulletin, 1883.
Tome Iviii. No. 4. 1884.

H. Trautschold. Bemerkungen zur geologischen Karte des Wetluga-
Gebiets, 205.—A. de Gregorio. Une nouvelle Pleurotoma du Miocene de
ritalie, Pleurotoma Renardi^ de Greg., 301.—V. Sokol. [Materials for

the Geology of the Crimea,] 309 (hi Russian).

. . , 1884. Tome lix. Nos. 1 & 2. 1884.

. . Nouveaux Memoires. Tome xv. Livr. 1. 1884.
H. Trautschold. Die Reste permischer Reptilien des palaontologischen

Kabinets der Universitat Kasan, 5.

Munich. Koniglich-Bayerische Akademie der "Wissenschaften. Ab-
handlungen. Band liii. Abth. 1. 1884.

L. von Ammon. Ueber neue Exemplare von jurassischen Medusen,
103.

Sitzungsberichte der Mathematisch-Physikalischen

Classe, 1883. Heft 3. 1884.
F. Pfaff. Untersuchungen liber die absolute Harte des Kalkspathes

und Gypses und das Wesen der Harte, 372.

. . ^ 1884. Hefte 1 & 2. 1884.

Nancy. Societe des Sciences de Nancy. Bulletin. Serie 2. Tome vi.

Fasc. 16 (1883). 1884.
P. Fliche. Description d'un nouveau Cycadeospermum du terrain

Jurassique moyen, 55.
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Nature. Vol. xxx. :N'os. 765-783. 1884.

The Extinct Lakes of the Great Basin, 197.—Geology at the British As-
sociation, 217.—British Association, Section C, Geology, 440, 526, 553.

—H. J. Johnston-Lavis. Earthquakes, 608.

. Yol. XXXI. ]N"os. 784-809. 1884-85.
A. GeiMe. The Crystalline Eocks of the Scottish Highlands, 29.—B.

N. Peach and J. Home. Report on the Geology of the North-west of

Sutherland, 31,—W. G. S. Paterson. The new Volcanic Island off Ice-

land, 37.—0. C. Marsh. The Classification and Affinities of Dinosaurian
Reptiles, 68.—The Earthquake in Spain, 199, 237.—S. Lupton. The Coal
Question, 242.—B. X. Peach. Ancient Air-Breathers, 295.—J, J. H.
Teall. The Scope and Method of Petrogi-aphy, 444.—J. E. Tenison-

Woods. The Borneo Coal Fields, 583.—W. H. Hudleston. Further
Notes on the Geology of Palestine, with a Consideration of the Jordan
Valley Scheme, 614".

. Vol. xxxu. Nos. 810-816. 1885.
H. J. Johnston-Lavis. The new Outburst of Lava from Vesuvius, 55.

Neuchatel. Societe des Sciences Naturelles. Bulletin. Tome xiv.

1884.

A. Jaccard. Note sur les sources de Combe-Garot, 63.—A. Jaccard.

Les couches a Mytilus des Alpes Vaudoises et du Simmenthal et leur

veritable horizon geologique, 152.—A. Jaccard. Sur les vertebres fossiles

decouverts recemnient dans I'Amerique du Nord, 191.—L. Charpy et M.
de Tnbolet, Note sur la presence du terrain cretace a Montmercy-la-
Ville, arrondissement de Dole, Jura, 198.

Newcastle-Tinder-Lyme. North-Staffordshire Institute of Mining
and Mechanical Engineers. Transactions. Vol. i. (1873-75).

1879. (8vo.)

C. J. Homer. The North Staffordshire Coal-field, with the Ironstones

contained therein, 102.—E. A. Marshall. Mineral Oil as found at the

Deep Main Pits, Biddings, Derbyshii-e, 126.—Section of Stiata sunk
throug-h (with shaft 16 feet diameter), at Rose Bridge Collieries, Ince,

near Wigan, 159.—Section of Strata sunk through at Astley Deep Pit,

Dukinfield, 181.—Thermometi-ical Observations in the DuJnnfield Col-

liery, 190.

VoL ii. (1875-78). 1881.

C. J. Homer. The North Staffordshire Coal-field, with the Ironstones

contained therein, 11.—G. G. Andre. Lectiu-e on the Geology of Coal,

102.—G. G. Andre. Cleavage Planes and their Influence on the Econo-
mical Working of Coal, 132.

Vol. iii. (1878-79). 1878-79.

Vol. iv. (1879-80). 1879-80.
On Coals and Coal Plants, 151.

VoL V. (1880-81). 1880-81.

Vol. vi. (1881-83). 1881-83.

Vol. vii. Parts 1-7 (188^-84). 1883-85.
J. R. Haines. The Channel Tunnel, 16,

W. C. Williamson
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Newcastle-upon-Tyne. Natural History Society and Tyneside
Naturalists' Field Club. Natural History Transactions of

Northumberland, Durham, and Newcastle-upon Tyne. Vol.

viii. Part 1. 1884.

G. A. Lebour. A Statement as to recent Publications relating to

Anodonta Jukesii, 30.—T. T. Clarke. The Yorkshire Caves, o9.—A. M.
Norman. Presidential Address to the Members of the Tyneside Natura-
lists' Field Cub, 67 (Part II. The Abysses of the Ocean, 91).—S. Oswald.
On a Perched Block of Sandstone in Lunedale, 181.

. North of England Institute of Mining and Mechanical
Engineers. Transactions. Vol. xxxvi. Parts 1-3. 1885.

E. Halse. On the Manganese Deposit of the Islet of San Pietro, Sar-
dinia, 145.—F.W. Rudler. Notes on IVIicroscopic Sections of Rocks from
San Pietro, Sardinia, 159.

. . An Accoant of the Strata of Northumberland and
Durham, as proved by Borings and Sinkings. F-K. (8vo.)

1885.

New Haven, Conn. American Journal of Science. Ser. 3. Yol.

xxviii. Nos. 163-168. 1884.

F. W. Clarke and T. M. Chatard. Mineralogical Notes from the
Laboratory of the United States Geological Survey, 20.—S. L. Penfield.

On the Occiu^rence of Alkalies in Beryl, 25.—G. F. Wright. The Niagara
River and the Glacial Period, 32.—S. W. Ford. Note on the Discovery
of Primordial Fossils in the Town of Stuyvesant, Columbia County, N.Y.,
35.—W. P. Blake.—Crystallized Gold in Prismatic Forms, 57.—A. Gray.
Memorials of George Engelmann and of Oswald Heer, 61.—M. E. Wads-
worth. Notes on the Rocks and Ore Deposits in the vicinity of Notre
Dame Bay, Newfoundland, 94.—S. F. Peckham. The Origin of Bitu-

mens, 105.—S. B. Newberry. On some Specimens of Nickel Ore from
Nevada, 122.—W. M. Davis. Gorges and Waterfalls, 123.—F. H. Blake.

Vanadinite in Pinal County, Arizona, 145.—0. C. Marsh. On the United
Metatarsal Bones of Ceratosaurus^ 161.—S. H. Scudder. Triassic Insects

from the Rocky Mountains, 199.-0. A. Derby. On the Flexibility of

Itacolumite, 203.—S. W. Ford. On the Age ofthe Glazed and Contorted
Slaty Rocks in the vicinity of Schodack Landing, Rensselaer County,

N. Y., 206.—G. F. Becker. The Relations of the Mineral Belts of the

Pacific Slope to the Great Upheaval, 209.—J. L. Campbell. Geology of

the Blue Ridge near Balcony Falls, Virginia, 221.—J. S. Diller. Fulgur-

ite from Mount Thielson, Oregon, 252.—G. H. Williams. On the Para-
morphosis of Pyroxene to Hornblende in Rocks, 259.—J. D. Dana. On
the Southward Ending of a great Synclinal in the Taconic Range, 268.

—

H. C. Lewis. On supposed Glaciation in Pennsylvania south of the

Terminal Moraine, 276.—J. W. Mallet. On a mass of Meteoric Iron from
Wichita County, Texas, 285.—W. P. Blake. Columbite in the Black
Hills of Dakota, 340.—R. E. Browne. Criticism of Becker's Theory of

Faulting, 348.—J. D. Dana. Note on the Cortlandt and Stoney Point
Hornblendic and Augitic Rocks, 384.—W. M. Davis. The Distribution

and Origin of Drumlins, 407.—J. P. KimbaU. Geological Relations and
Genesis of the Specular Iron Ores of Santiago de Cuba, 416.—C. A.
Schaeffer. A new Tantalite Locality, 430.—D. Walcott. Note on Palaeo-

zoic Rocks of Central Texas, 431.—A. C. Baines. On the Sufficiency

of Terrestrial Rotation for the Deflection of Streams, 434.—0. A. Derby.

Peculiar Modes of Occurrence of Gold in Brazil, 440.—A. W. Jackson.

YOL. XLI.
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On Colemanite, anew Borate of Lime, 447.—J. D. Dana. On tlie Decay
of Quartzyte, and the Formation of Sand, Kaolin, and Crystallized Quartz,

448.

"New Haven, Conn. American Journal of Science. Ser. 3. Vol.

xxix. Nos. 169-174. 1885.

W. H. Brewer. On the Suspension and Sedimentation of Clays, 1.

—

J. D. Dana. On a System of Rock Notation for Geological Diagrams,
7.—A. Geikie. The Crystalline Rocks of the Scottish Highlands, 10.

—

S. W. Ford. Observations upon the Great Fault in the vicinity of
the Schodack Landing, Rensselaer County, N. Y., 16.—J. CroU. On the
Cause of Mild Polar Climates, 20, 138.—A. L. Ewing. An Attempt to
determine the Amount and Rate of Chemical Erosion taking place in

the Limestone (Calciferous to Trenton) VaUey of Center County, Pa.,

and hence applicable to similar regions throughout the Appalachian
Regions, 29.—E. G. Smith. On the Chrysotile from Shipton, Canada,
23.—O. A. Derby. The Santa Catharina Meteorite, 33.—F. D. Chester.
The Gravels of the Southern Delaware Peninsula, 36.—J. D. Dana.
Decay of Quartzyte : Pseudo-breccia, 57.—J. W. Powell. The Organi-
zation and Plan of the United States Geological Survey, 93.—C. D.
Walcott. Palseontologic Notes, 114.—J. H. Kinahan.—Use of the term
''Esker" or Kam Drift, 135.—J. A. Perry. Note on a Fossil Coal
Plant found at the Graphite deposit in Mica-schist at Worcester,
Mass., 157.—L. E. Hicks. The Test Well in the Carboniferous For-
mation at Brownville. Neb., 159.—O. C. Marsh. Monograph of the
Dinocerata, 173.—J. D. Dana. On Taconic Rocks and Stratigraphy,

with a Geological Map of the Taconic region, 205.—C. A. White.
Notes on the Jm-assic Strata of North America, 228.—N. T, Lupton.
Meteoric Iron from Coahuila, Mexico, 232,—R. D. Irving. Divi-
sibility of the Archaean in the North-west, 237.—W. E. Hidden.
Mineralogical Notes, 249.—C. A. White. The Genus Pyrgulifera, Meek,
and its Associates and Congeners, 277.—E. W. Wilkinson. On the Oc-
currence of Native Mercury in the Alluvium in Louisiana, 280.—C. G.
Rockwood. The Earthquakes in Spain, 282.—J. M. Clarke. On Devo-
nian Spores, 284.—T. M. Reade. Denudation of the two Americas, 290.

—J. Croll. On Arctic Interglacial Periods, 300.—C. D. Walcott. Palse-

ozoic Notes : New Genus of Cambrian Trilobites. Mesonacis, 328.

—

Le Roy W. McCay. Massive Safflorite, 369.—F. W. Clarke and J. S.

Diller. Topaz from Stoneham, Maine, 378.—C. Whittlesey. The Pre-
glacial Channel of Eagle River, Keweenaw Point, Lake Superior, 392.

—

—S. W. Ford. Note on the Age of the Slaty and Arenaceous Rocks in

the vicinity of Schenectady, Schenectady County, N. Y., 397.—J. D.
Dana. Taconic Rocks and Stratigraphy, 437.—J. F. Whiteaves. Notes
on the possibleAge of some of the Mesozoic Rocks of the Queen Charlotte

Islands and British Columbia, 444.— S. L. Penfield. Crystallized Tie-

mannite and Metacinnabarite, 449.—A. G. Dana, Gahnite of Rowe,
Mass., 455.—O. Meyer. The Genealogy and the Age of the Species in

the Southern Old-tertiary, 457.—C, U. Shepard. Meteoric Iron from
Trinity Coimty, California, 469.—H. D. Campbell. The Potsdam Group
east of the Blue Ridge at Balcony Falls, Virginia, 470.—A. Lindenkohl.
Geolog}' of the Sea-bottom in the Approaches to the New York Bay, 475.

—B. Fl Koons. Kettle-Holes of the Wood's Holl Region, Mass., 480.—
G. H. Williams. Cause of the apparently Perfect Cleavage in American
Sphene (Titanite), 486.

New Haven, Conn. Connecticut Academy of Arts and Sciences.

Transactions. Yol. vi. Part 1. 1884.
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Newport, E. 1. Natural History Society. Proceedings, 1883-84.

Document 2. 1884.

T. N. Dale. The Geology of the tract known as " Paradise," near

Newport, 3.—T. N. Dale. Remarks on some of the Evidences of Geolo-
gical Disturbance in the vicinity of Newport, 5.— E. F. Clark. Studies in

the Khode-Island Coal Measures, 9.—A. D. Wilson. A Trip through
North-western Wyoming, 25.

New York. Academy of Sciences. Annals. Vol. iii. Nos. 1 & 2.

1883.

. American Institute of Mining Engineers. Transactions.

Vol. xii. 1884. Presented hy Wm. Whitaher, Esq., F.G.S.
A. S. McCreath. The Iron Ores of the Valley of Virginia, 17.—0. R

Boyd. The Ores of Cripple Creek, Virginia, 27.—C. H. Hitchcock. The
Geological Position of the Philadelphia Gneisses, 68.—P. Frazer. An
Hypothesis of the Structure of the Copper Belt of the South Mountain, 82.

—C. H. Henderson. The Copper Deposits of the South Mountain, 85.

—

J. C. Smock. Geologico-geographical Distribution of the Iron Ores of

the Eastern United States, 130.—E. J. Schmitz. Contributions to the

Geology of Alabama, 144.—F. P. Dewey. Some Canadian Iron Ores, 192.

—H. M. Howe. A Systematic Nomenclature for Minerals, 238.—P.
Frazer. The Northern Serpentine Belt in Chester County, Pa., 349.—P.

Frazer. The Peach Bottom Slates of South-eastern York and Southern
Lancaster Counties, 355.—T. S. Hunt. The Apatite Deposits of Canada,
459.—J. P. Kimball. The Quemahoning Coal-field of Somerset County,
Pennsylvania, 468.—W. H. Adams. The Pyrites Deposits of Louisa
County, Va., 527.—P. Frazer. Certain Silver and Iron Mines in the

States of Nuevo Leon and Coahuila, Mexico, 637.—N. W. Perry. A new
Mineral, 628.—W. B. Devereux. Notes on Iron-Ore Deposits in Pitkin

County, Colorado, 638.

Northampton. Northamptonshire Natural-History Society and Field

Club. Journal. Vol. iii. Nos. 19 & 22. 1884-85.

C. A. Markham. The great English Earthquake, 107.—B. Thompson
and T. J. George. A Catalogue of the Geological Collection in the North-
ampton Museum, 154.—B. Thompson. On Swallow-Holes and Dumb-
Wells, 159.—Henry J. Eunson. On a probable Fault in the Lias under
Northampton, 169.—B. Thompson. The Upper Lias of Northampton-
shii-e, 182.—B, Thompson and T. J. George. A Catalogue of the Geolo-
gical Collection in the Northampton Museum : Part IH. The Carbonife-

rous System, 240.

Palseontographical Society. Monographs. Vol. xxxviii. 1884.

(Two copies.)

J. S. Gardner. A Monograph of the British Eocene Flora, vol. ii.

part 2 : Gymnospermia.—T. Rupert Jones, J. W. Kirkby, and G. S. Brady.

A Monograph of the British Fossil Bivalved Entomostraca from the

Carboniferous Formations, part 1, no. 2 : The Cypridinadae and their

Allies.—H. Woodward. AMonogTaph of the British Carboniferous Tri-

lobites, part 2.—T. Davidson. A Monograph of the British Fossil Bra-
chiopoda, vol. v. part 3,—T. Wright. MonogTaph on the Lias Ammo-
nites of the British Islands, part 7.

o2
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Paris. Academie des Sciences. Comptes Eendus. Tome xcviii.

I^os. 25 & 26. 1884.

R. Zeiller. Sur des cones de fructifications de Sigillaires, 1601.

. . . Tome xcix. Nos. 1-26. 1884.
B. Renault et R. Zeiller. Sur un nouveau genre de graines du terrain

houiller superieur, 56.—Sacc. Sur un depot de salpetre dans le voisi-

nage de OochalDamba, Bolivie, 84.—A. Carnot, Sur I'origine et la distri-

bution du pliosphore dans la houille et le cannel-coal, 154.—B. Renault.
Quatrieme note pour servir a I'liistoire de la formation de la houille

:

galets de houille, 200.—P. Mares. Sur la geologie des environs du Keff,

Tunisie, 207.—L. Lartet. Sur le terrain carbonifere des Pyrenees cen-
trales, 250.—A. Carnot. Sur la composition et les qualites de la houille,

eu egard a la nature des plantes qui I'ont formee, 253.—L, Dieulafait. Ori-
gine des phospborites et des argiles ferrugineuses^ 259.—L. Crie, Contri-
butions a la flore pliocene de Java, 288.—Breon et Kortbals. Sur I'etat

actuel du Krakatau, 395.—L. Dieulafait. Nouvelle contribution a la ques-
tion d'origine des pbospbates de cbaux du sud-ouest de la France, 440.

—

C. Mano, Observations geologiques sur le passage des Cordilleres par
I'istbme de Panama, 573.—A. Favre. Carte du pbenomene erratique et

des anciens glaciers du versant nord des Aipes suisses et de la chaine du
Mont Blanc, 599.—A. Vivier. Analyse de I'apatite de Logrozan, Espagne,
709.—F. Gonnard. Sur une pegmatite a grands cristaux de cbloropbyl-

lite, des bords du Vizezy, pres de Montbrison, Loire, 711.—A. Gaudry.
Nouvelle note sur les reptiles permiens, 737.—L. Dieulafait. Origine et

mode de formation des pbospbates de cbaux en amas dans les terrains

sedimentaires ; leur liaison avec les minerals de fer et les argiles des
borizons siderolitiques, 813.—A. F. Marion. Sur les caracteres d'une

Conifere tertiaire, voisine des Dammarees {Doliostrohus Ster^Tihergi) , 821.

—G. Cotteau. Sur les calcaires a Ecbinides de Stramberg, Moravie, 836.

—P. de Gasparin. Contribution a I'etude des gites pbospbates dans la

region du sud-est de la France, 839.—F. Gonnard. Addition a une
Note sur une pegmatite a grands cristaux de cbloropbyllite des bords du
Vizezy, pres de Montbrison (Loire), 881.—Perrotin. Sur un tremblement
de terre ressenti a Nice le 27 novembre, 960.—G. Lindstrom. Sur un
Scorpion du terrain silurien de Suede, 984.—E. Bureau. Sur la presence

de I'etage bouiller moyen en Anjou, 1036.—C. Grand'Eury. Fossiles du
terrain bouiller, trouves dans le puits de recbercbe de Lubiere (bassin de

Brassac), 1093.—Stan. Meunier. Le kersanton du Croisic, 1135.—F.

Gonnard. Sur un pbenomene de cristallogenie, a propos de la fluorine

de la rocbe Cornet, pres de Pontgibaud (Puy-de-D6me), 1136.—C. Brong-
niart. Sur la decouverte d'une empreinte d'insecte dans les gres siluriens

de Jurques, Calvados, 1164.—Stan. Meunier. Sur un verre cristallifere

des bouilleres embrasees de Commentry, 1166.

. . . Tome 0. Nos. 1-24. 1885.

E. Hebert. Sur les tremblements de terre du midi de I'Espagne, 24.

—

B. Renault et R. Zeiller. Sur un Equisetum, du terrain bouiller superieur

de Commentry, 71.—J. Macpberson et A. Daubree. Sur les tremblements

de terre de 1'Andalousie du 25 decembre 1884 et semaines suivantes, 136.

—

A. Germain. Sm' quelques-unes des particularites observees dans les recents

tremblements de terre de I'Espagne, 191.—I. Domeyko. Observations re-

cueillies sur les tremblements de terre pendant quarante-six ans de sejour

au Cbili, 193.—F. de Botella. Observations sur les tremblements de terre

de 1'Andalousie du 25 decembre 1884 et semaines suivantes, 196.—Da
Praia. Secousses de tremblements de terre ressenties aux A9ores le 22

decembre 1884, 197.—A. Terrell. Analyse d'une cbrysotile (serpentine
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fibreuse ayant I'aspect de I'asbeste) ; silice fibreuse resultant de raction des

acides sur les serpentines, 251.—A. F. Nagues. Phenomenes preologiques

produits par les tremblements de teiTe de I'Andalousie, du 25 decembre
1884 ail 16 Janvier 1885, 253.—L. Dieiilafait. Composition des cendres

des Equisetacees : application a la formation houillere, 284.—G. Pouchet.

Des derniers echouemeuts de Cetaces sur la cote fran^aise, 286.—F. Laur.
Influence des baisses barometriques brusques sur les tremblements de
terre et les phenomenes eruptifs, 289.—A. Gaudry. Sur les Hyenes de
la grotte de Gargas decouvertes par M. Felix Regnault, 325.—H. Gorceix.

Sur des sables a monazites de Caravellas, province de Bahia, Bresil, 356.

—P. Fiscber. Sur I'existence de Mollusques pulmones terrestres dans le

terrain permien de Saojie-et-Loire, 393.—J. Macpherson. Tremblements
de terre en Espague, 397.—Delamare. Tremblement de terre ressenti a
Landelles, Calvados, le 1 fevrier 1885, 399.—L. Dieulafait. Origine des

minerals metaUiferes existant autoiir du plateau central, particulierement

dans les Cevennes, 469.—Vaniikoff. Siu- les resultats recueillis par M.
Sokoloff concernant la formation des dunes 472.—F. Fouqu6. Premieres
explorations de la mission chargee de I'etude des recents tremblements de
terre de I'Espagne, 598.—B. Renault et R. Zeiller. Sur des Mousses de

I'epoque bouillere, 660.—L. Dieulafait. Origine des minerais de fer, de
manganese et de zinc, existant autour du plateau central, dans les pre-

miers calcaires jurassiques et a la base de ces calcaires, 662.—Stan. Meu-
nier. Sur un depot de source, provenant de Carmaux, Tarn, 665.—A.
Gaudry. La nouvelle galerie de Paleontologie dans le Museum d'His-

toire naturelle, 698.—V. Lemoine. Sur les analogies et les differences du
genre Simoedosaure, de la faune cernaysienne des environs de Reims, avec

le genre Cbampsosaure d'Erquelinnes, 753.—F. A. Forel. Bruits sous-

terrains entendus le 26 aout 1883 dans I'ilot de Caiman-Brae, mer des

Caraibes, 755.—L. Dieulafait. Explication de la concentration des minerais

de zinc carbonate dans les terrains dolomitiques, 815.—Munier-Chalmas et

J. K. Schliimberger. Sur les Miliolidees trematopborees, 818.—B. Renault
et R. Zeiller. Sur un nouveau type de Cordaitee, 867.—L. Crie. Con-
tribution a I'etude des Fougeres eocenes de I'ouest de la France, 870.—J.

Martin. Le souleve de la Cote-d'Or est posterieur a I'epoque albienne,

872.—L. Vaillant. Remarques complementaires sur les Tortues gigan-

tesques de Madagascar, 874.—Stan. Meunier. Existence du calcaire a

Fusulines dans le Morvan, 921.—Faye. Concordance des epoques geolo-

giques avec les epoques cosmogoniques, 926.—L. Dieulafait. Nouvelle
contribution a la question de I'acide borique d'origine non volcanique, 1017.

—E. Deste. Foret fossile de I'Arizona, 1019.—L. Dru. Sur la recbercbe

des sources an voisinage de Gabes,1020.—F.Fouque. Explorations de la

jVIission chargee de I'etude des tremblements de terre de rAndalousie,
1049.—M. Levy et J. Bergeron. Sur la constitution geologique de la

Serrania de Ronda, 1054.—M. Bertrand et W. Kilian. Sm- les terrains

secondaires et tertiaires de I'Andalousie (provinces de Grenade et de Ma-
laga), 1057.—C. Barrois et A. Offi-et. Sur la constitution geologique de
la Sierra Nevada, des Alpujarras et de la Sierra de Almjarra, 1060.

—

C. Grand'Eury.—Sondage de Ricard a la Grand'Combe, Gard, 1110.—^F.

Fouque. Relations entre les phenomenes presentes par le tremblement
de terre de I'Andalousie et la constitution geologique de la region qui en a

ete le siege, 1113.—R. Zeiller. Determination, par la flore fossile, de I'age

relatif des couches de houille de la Grand'Combe, 1171.—Guillemin-

Tarayre. Sur la constitution mineralogique de la Sierra Nevada de Gre-
nade, 1231.—B. Renault et 0. Eg. Bertrand. Grilletia spht^rospermiiy

Chytridiac^e fossile du terrain houiller superieur, 1306.—De Montessus.

Sur les tremblements de terre et les eruptions volcaniques dans I'Amerique
centrale, 1313.—Stan. Meunier. Synthese accidenteUe de I'anorthite,
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1350.—C. Velain. Le peneen dans la region des Yosges, 1355.—A. Ino-

stranzeff. Appareil comparateur pour I'etude des mineraux non trans-

parents, 1396.—Stan. Meunier. Sur un silex enhjdre du terrain quater-

naire de la vallee du Loing (Seine-et-Mame), 1398.—L. Herolle et C.

Deperet. Sur le miocene superieur de la Cerdagne, 1399,—F. Fouque.
Propagation de la secousse de tremblement de terre du 25 decembre 1884^
1436.—Gr. de Saporta. Sur un type vegetal nouveau provenant du coral-

lien d'Auxey (Cote-d'Or), 1440.—G. Cotteau. Considerations sur les

EcMnides du terrain jurassique en France, 1515.—A. de Schulten. Re-
production artificielle de la strengite, 1522.—J. Macpherson. Symetrie
de situation des lambeaux archeens des versants du Guadalquivir : rap-

port avec les principales dislocations qui ont donne a I'Espagne son
reUef, 1524.

Paris. Annales des Mines. Serie 8. Tome iv. 6^ livraison de

1883. 1883.
E. Lappierre. Note sur le bassin houiller de Tete, region du Zambeze,

585.

—

R. Zeiller. Note sur la flora du bassin bouiUer de Tete, 594.

. . . Tome V. 1^ livraison de 1884. 1884.

M. Luceyt. Memoire sur le bassin bouiller du Lancashire, 5.

. . . . 2^ et 3^ livraisons de 1884. 1884.
Ternier. Etude sur les eruptions du Hartz^ 243.—Kuss. Note

sur les tilons de quartz aurifere de I'Atajo, province de Catamarca; Re-
publique Argentine, 379.—A. de Bovet. Note sur une exploitation de
diamants pres de Diamantina, province de Minas Gejaes, Bresil, 465.

—

A. Oarnot. Sur la composition de la bouille, Bulletin^ 545.

. . . Tomevi. 4^-6^ livraisons de 1884. 1884.
Revaux. Etude des travaux executes au tunnel de I'Arlberg, 259.

—

Lariviere. Notes d'un voyage aux ardoisieres du Pays de GaUes,
505.

. . . Tome vii. 1^ livraison de 1885. 1885.

A. Carnot. Analyses des eaux minerales fran^aises executees au
Bureau d'essai de I'Ecole des Mines, 79.—Braconnier. Note sur I'eau

minerale sulfatee magnesienne de Cruzy (Herault), 143.—Bulletin des

travaux de cMmie executes en 1883, par les ingenieurs des mines dans les

laboratoires departementaux, 145.

. Annales des Sciences Geologiques. Tome xvi. Nos. 1 & 2.

1884. PurcTictsed.

G. Vasseur. Sur le depot tertiaire de Saint-Palais pres Royan (Cha-

rente-Inferieure).—G. Cotteau. Ecbinides du terrain eocene de Saint-

Palais.—F. Fontannes. Note sur quelques gisements nouveaux des

terrains miocenes du Portugal et description d'un portunien du genre

AeJielous.—H. Filhol. De la restam-ation du squelette d'lm Dinocerata.

—

L. Dieulafait. Etude sur les rocbes opbitiques des Pyrenees.—L. Dollo.

Les decouvertes de Bernissart.

Nos. 3 & 4. 1885. Presented by M. Hebert

and M. A. Milne-Edwards.
P. Gourret. Constitution geologique du Larzac et des Causses meri-

dionaux du Languedoc.
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Paris. Annales des Sciences Naturelles. Zoologie et Palcontologie.

Serie 6. Tome xvii. IS'os. 1-6. 1884-85. Purchased.

G. Liadstrom. Sur un Scorpion du terrain silurien de Suede, No. 10.

. . . . Tome xviii. Nos. 1-3. 1884.

Furchased.

. Association Erancaise pour I'Avancement des Sciences.

Compte Rendu de la 2' Session, Rouen, 1883. 1884. Pur-
chased.

R. P. Denza. La Meteorite d'Alfiauello, 337.—E. Bucaille. Sur la

repartition des echinides dans le systeme cretace du departement de la

Seine-Inferieure, 429.—J. Cloiiet. Etude sur la chaux phosphatee natu-
relle de la Seine-Inferieure, 435.—Gr. Cotteau. Note sur les echinides ter-

tiaires des environs de Saint-Palais, 444.—0. Barrois. Recherches sur

les terrains anciens des Asturies et de la Galice, 445.—J. J. Amielle.

Origine des houiUes et des combustibles mineraux, 458.—A. Peron. Sur
un groupe de fossiles de la craie superiem-e, 461.—P. Petiton. Etude
petrographique des roches de I'lndo-Chine, 470.—A. Le Marchand.
Rapport sur les excursions faites par la section de Geologie pendant le

Congres de Rouen, 1883, 481.—A. Guyerdet. Fragments de Geologie
Normande, 485.

. Journal de Conchyliologie. Serie 3. Tome xxiv. No. 2.

1884. Purchased.

. . . . No. 3. 1884. Purchased.

E. Vassel. Description d'une nouvelle espece de Pecten fossile du
Canal de Suez, 331.—Dante Pantanelli. Sur le Murex Hornesi, d' Ancona
(non Speyer), 332.

. . . •. No. 4. 1884. Purchased.

—. . . Tome XXV. No. 1. 1885. Purchased.

L. Morlet. Description de Coquilles fossiles du Bassin Parisien, 48.

— . Museum d'Histoire NatureUe. NouveUes Archives. Serie 2.

Tome vi. Ease. 2. 1884.

— . Revue Scientifique. Serie 3. Tome xxxiii. No. 2Q. 1884.

—. . . Tome xxxiv. Nos. 1-26. 1884.

— . . . Tome XXXV. Nos. 1-25. 1885.

. Societe Geologique de Erance. Bulletin. Serie 3. Tomeix.
(1881). No. 7. 1884.

C. Lory. Course du 4 Septembre, aux carrieres de la Porte de France,

aux exploitations de ciment et au plateau de la Bastille, 6^2.—C. Lory.

Course du 5 Septembre, de Grenoble a la Grande Chartreuse, 595.—C.

Lory. Course du 7 Septembre de Grenoble a Sassenage et a TEchaillon,
610.—C. Lory. Course du 8 Septembre de Grenoble a Vizelle et au
Bourg-d'Oisans, 620.—C. Lory. Excursion des 9 et 10 Septembre du
Bourg-d'Oisans a la Grave, et retour, 632.—C. Lory. Sur les schistes

cristallins des Alpes occidentales et sur le role des failles dans la structm-e

geologique de cette region, 652.—E. Hebert. Sur la position des calcaires

de I'Echaillon dans la serie secondaire, 683.—J. Gosselet. Comparaison
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entre rArdenne et les Alpes, 689.—C. Lory. Resimie de la course du
lundi, 12 Septembre 1881, 696, 701.—H. Kiiss. Note sur les filons de
fer spathique du canton d'AUevard, 699.

Paris. Societe Greologique de Prance. Bulletin. Serie 3. Tome x.

(1882). No. 7. 1884.
E. Hebert. Aper9u general sur la geologic des environs de Foix, 523.

—E. Hebert. Compte-rendu de la course du 18 Septembre a VariUies

et Saint-Jean de Verges, 531.—0. de Lacoivier. Compte-rendu de I'excur-

sion de Vemajoul a Baulon, 538.—C. de Lacoivier. Compte-rendu de I'ex-

cursion de Foix a Pradieres, 543.—E. Hebert. Sur la structure geologique
du vaUon de Pradieres, 548.—C. de Lacoivier. Compte-rendu de I'excur-

sion de Montgaillard, 551.—E. Hebert. Compte-rendu de I'excursira de
Foix a Lavelanet, et sur I'etage garumnien, 556.—E. Hebert. Sur I'Etage
garumnien, 557.—E. Hebert. Coupe au nord du Moulin d'lUat, sur la

route du Carla, 558.—E. Hebert. Coupe de la Cluse de Pereille, 560.

—

E. Hebert. Disposition du terrain tertiaire a Lavelanet, 565.—C. de
Lacoivier. Compte-rendu de I'excm-sion de Benaix et de Villeneuve-

d'Olmes, 570.—E. Hebert. Observations siu- la coupe de Villeneuve-

d'Olmes a Montferrier, et par suite sur la position des Gres de celles dans
la serie cretacee, 573.—E. Hebert. Succession des couches du terrain

cretace superieur a Saint-Girac, 577.—E. Hebert. Compte-rendu de
I'excursion du 22 Septembre a Tarescon et Ussat, 585.—Pouecb. Note
sur le massif calcaire de Tarascon-Ussat, 588,—C. de Lacoivier. Compte-
rendu de I'excursion du samedi,23 Septembre, a Vicdessos, 600.—E. Hebert.
Compte-rendu de I'excursion du mardi, 26 Septembre, de Saiut-Girons a
Saint-Croix, 614.—E. Hebert. Compte-rendu de I'excursion du mercredi,

27 Septembre, de Saint-Croix a Audinac, 622.—Pouecb. Coupes geo-

logiques dans la region N.-O. du departement de I'Ariege, 632.—Mayer-
Eymar. Note sur les terrains tertiaires de I'Ariege, 637.—E. Hebert.

Resume de la Session, 643.—E. Hebert. Le renversement de Cadarcet
et le Gault de Garradoumency, 660.—E. Hebert. Sur la faune de I'etage

danien (assises supeiieure et moyenne) dans les Pyrenees, 664.

. . . . Tome xi. (1883). No. 8. 1884.
J. Gosselet. Compte-rendu de la com-se du 2 Septembre aux carrieres

a cbaux bydraulique de Obarleville et a la tranchee du moulin Brion,

634.—J. Gosselet. Expose general de la structure de I'Ardenne, et rap-

port des couches primaires avec les terrains secondaires et tertiaires, 636.

—

A. Renard. Note sur la structure et la composition des phyilades ardeu-

nais, 638.—J. Gosselet. Compte-rendu de la course du 3 Septembre de
Charleville a Montherme, 642.—J. Gosselet. Expose de la structm-e du
terrain devonien aux environs de Charleville, 646.—J. Gosselet et A.
Renard. Compte-rendu de I'excursion du 4 Septembre, de Deville a

Revin, 649.—J. Gosselet. Compte-rendu de la course du 5 Septembre,
sur le plateau du Franc-Bois, dans le ravin de I'Ours, et a la roche-aux-

Corpias, 659.—J. Gosselet. Observations sur le limon des plateaux de

I'Ardenne, sur les arkoses metamorphiques du Franc-Bois de Willergie et

sui- la structure du massif cambrien de la presqu'ile de Rocroi, 662.—J.

Gosselet. Geographie, de I'Ardenne au commencement de I'epoque devo-

nienne, 668.—J. Gosselet. Compte-rendu de la com-se du 6 Septembre de
Fumay a Vu-eux, 673.—J. Gosselet. Compte-rendu de la com-se du 7
Septembre, de Vireux a Givet, et aux emdrons de Givet, 677.—M. Mour-
lon. Sur le gTes du Signal d'Asfeld, observe pres de la citadelle de

Charlemont, 680.—J. Gosselet. Classification du terrain devonien de

I'Ardenne, 682.—E. Dupont, Compte-rendu de la course du 8 Septembre,

de Mariembourg a Doui-bes et a Fagnolle, 686.—M. Mourlon. Sur la

i
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question des . fades, a propos dii classement stratigraphique des depots

famenniens de la Belgique et du nord de la France, 002.—E. Dupont.
Oompte-rendu de I'excursion du 10 Septenibre de Merlemont a Sautour,

Neuville, Roly et Matagne, 702.—E. Dupont. Observations sur les cal-

caires coralliens du devonien superieur, 704.—M. Mourlon. Compte-
rendu de I'excursion du 11 Septembre, de Heer a Hastiere, dans le terrain

fammenien (devonien superieur), 708. — E. Dupont et M. Mourlon.
Oompte-rendu de la seconde partie de I'excursion du 11 Septembre, de
Hastiere a Waulsor, Freyr et Dinant, 715.

Paris. Societe Geologique de France. Bulletin. Serie 3. Tome xii.

(1884). Nos.4-8. 1884.

E. Jannettaz, Memoire sur les clivages des roches (scbistosite, Ion-

grain), et sur leur reproduction, 211.—F. Ameghino. E,esum^ d'un me-
moire de M. Adolphe Doering sur la G($ologie Argentine, 236.—0. Deperet.

Nouvelles etudes sur les ruminants pliocenes et quaternaires d'Auvergne,
247.—A. de Lapparent. Note sm' les roclies eruptives de I'ile de Jersey,

284.—E. Fallot. Note sur un gisement cretace fossilifere des environs de
la gare d'Eze (Alpes maritimes), 289.—H. Ktiss. Note sur la constitution

geologique d'une partie de la Zambezie, 303.—M. Bertrand. Rapports de
structure des Alpes de Glaris et du bassin houiller du Nord, 318.—F. Fon-
tannes. Note sur la faune et la classification du " Groupe d'Aix," dans le

Gard, la Provence et le Daupbine, 330.—M. de Raincourt. Note siu* des
gisements fossiliferes des sables moyens, 343.—E. Haug. Note sur

quelques especes d'Ammonites nouvelles ou pen connues du Lias superieur,

346.—F. Fontannes. Sur une des causes de la variation dans le temps de
faimes malacologiques, a propos de la filiation des Pecten restitvtensis et

latissimus, 357.—P. de Rouville. Note sur le Devonien de I'Herault, 364.

—R. Zeiller. Sur la denomination de quelques nouveaux genres de Fou-
geres fossiles, 366.—Cossmann. Sur un Memoire concernant la faune

de I'etage batbonien en France, 370.—A. Gaudry. Sur un Sirenien d'espece

nouvelle trouve dans le bassin de Paris, 372.—F. Fontannes. Sur un nou-
veau gisement fossilifere des marnes plaisanciennes de Saint-Aries, situe

pres d'Eyguieres (Boucbes du Rbone), 376.—A. Parran. Notice sur les

travaux geologiques de Louis Gruner, 380.—D. QEhlert. Etudes sur

quelques Brachiopodes devoniens, 411,—Bleicber. Note sur la limite

inferieure du Lias en Lorraine, 442.—F. Fontannes. Note sur la presence

des sables a Potamides Basteroti dans la vallee de la Oeze (Gard), 447.

—

M. Bertrand. Failles courbes dans le Jura, et bassins d'affaissement,

452.—F. Fontannes. Note siu" la constitution du sous-sol de la Orau, et

de la plaine d'Avignon, 463.—L. Dru. Note sur la geologie et I'bydrologie

de la region de Becbtaou (Russie-Caucase), 474.—J. Marcou. Notes a
I'occasion du prochain Oongres geologique international avec des remarques
sur les noms des terrains fossiliferes les plus anciens, 517.—J. Bergeron.

Note sur les strobiles du Walchia piniformis, 533.—H. Gorceix. Gisement
de diamants de Grao-Mogor (province de Minas-Geraes), Bresil, 538.

—

Marquis de Raincourt. Note sur la faune de Septeuil, 549.—L. de Sarran
d'Allard. Recbercbes sur les depots fluvio-lacustres anterieurs et poste-

riem-s aux assises marines de la craie superieure du departement du Gard,
553.—Bourgeat. Note sur la decouverte de trois lambeaux nouveaux de
c^nomanien dans le Jura, 630.—G. RoUand. Resume des observations

de M. T. Kjerulf sur les dislocations de la vallee de Obristiania, 637.

—

Lodin. Note sur la constitution des gites stanniferes de la Villeder (Mor-
bihan), 645.—E. de Boury. Observations sur quelques especes nouvelles

du bassin de Paris, decrites par M. le Marquis de Raincourt, 667.—R.
Zeiller. Sur des traces d'insectes siumlant des empreintes vegetales, 676.

—R. Zeiller. Note sur la compression de quelques combustibles fossiles,
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680.—A. Pavlow, Notions sur le systeme jurassique de I'Est de la Russie,

686.—A. Tardy. Nouvelles observations sur la Bresse ou de la jonction

du Pliocene et du Quaternaire, 696.—C. Lory. Kemarques au sujet des

Alpes de Glaris et des allures du terrain eocene dans les Alpes, 726.—W.
Kilian. Note sur les terrains tertiaires du territoire de Belfort et des en-

vii'ons de Montbeliard (Doubs), 729.—A. Locard. Note sur un Oepha-
lopode nouveau de la famille des Loliginidae, FleuroteutJiis costulatus, 759.

—Pouecb. Note sur la constitution geologique de Pecb de Foix, 765.

Paris. Societe Geologique de France. Bulletin. Serie3. Tomexiii.

(1885). Nos. 1-3. 1885.
Davy. A propos d'un nouveau gisement du terrain devonien supe-

rieur a Cliaudefonds (Maine-et-Loire), 2.—Zurcber. Note sur la zone
a Ammonites Soiverhyi dans le S. O. du departement du Var, 9.—H. Dou-
ville. Sur quelques fossiles de la zone a Amm. Sowerhyi des environs de
Toulon, 12.—A. Gaudry. Nouvelle note sur les reptiles permiens de la

Moussage, 44.—A. Gaudry. Sur une dent de Neosodon trouvee dans les

sables fen-ugineux de Wimille, 51.—Baron de Diicker. Observations

generales sur la geologic de I'Europe, 56.—F. Fontannes. Note sur les

alluvions anciennes des environs de Lyon, 59.—E. Fallot. Note sur les

etages moyens et superieurs du Cretace du sudest de la France, 65.

—

G. Poirier. Rectification des contours de I'argile plastique sur la feuille

geologique de Provins, 68.—G. Poirier. Sur I'allure et la composition de
I'argile plastique dans le Montois, 70.—Viguier. Note sur un lebm
fossilifere de la vallee de la Sorgue, pres d'Avignon, 79.—De Brignac. Les
depots diluviens dans la vallee du Vidourie, 83.—S, Calderon. Les rocbes

cristallines massives de I'Espagne, 89.—M. Bertrand. Coupes de la cbaine

de la Sainte-Beaume, Provence, 115.—R. Zeiller. Note sur la flore et

sur le niveau relatif des coucbes bouilleres de la Grand'Combe, Gaid, 131.

—J. Lambert. Presentation d'un travail sur le Jurassique moyen du
departement de I'Yonne, 153.—F. Delafond. Note sur les sables a

Mastodon arvernensis de Trevoux et de Montmerle (Ain), 161.—Bour-
geat. Sur la limite du bajocien et du batbonien dans le Jura; caracteres

et degres de developpement que ce dernier presente, 167.—G. de Saporta.

Note a I'appui de son memoire sur les organismes problematiques des

anciennes mers, 179.—R. Zeiller. Observations au sujet de la presenta-

tion de I'ouvrage de M. de Saporta :
" Les Organismes problematiques des

anciennes mers," 189.—E. Clielot. Rectifications pour servir a I'etude

de la faune eocene du bassin de Paris, 191.—V. Lemoine. Etude sur

quelques Mammiferes de petite taille de la faune cernaysienne des envii'ons

de Reims, 203.—M. Mieg. Note sur un gisement des coucbes a Fosido-

nomya Bronni a Minversbeim (Basse-Alsace), 217.

. . Memoires. Serie 3. Tome iii. No. 2. 1884.

P. Tbomas. Recbercbes stratigrapbiques et paleontologiques sur quel-

ques formations d'eau douce de I'Algerie, 1.

Penzance. Royal Geological Society of Cornwall. Transactions.

Yol. X. Part 7. 1885.
W. W. Smytb. Presidential Address, ccxxii.—A. Somervail and H.

Fox. On tbe Occurrence of Volcanic Tuffs, Breccia, &c. in tbe Meneage
District, 189.—R. N. Wortb. Tbe Raised Beacbes on Plymoutb Hoe, 204.

—T. W. Millett. Notes on tbe Fossil Foraminifera of tbe St. Ertb Clay-

pits, 213.—R. J. Frecbeville. Tbe Umber Deposits at Asbburton, 216.—
C. Le Neve Foster. Note to accompany a Specimen of Native Gold from
Leadville, Colorado, 220.
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Philadelphia. Academy of Natural Sciences. Journal. Ser. 2.

Vol. ix. Part 1. 1884.

A. Heilprin. The Tertiary Geology of the Eastern and Southern
United States, 115.

. . Proceedings, 1884. Part 2. 1884.
E. N. S. Eingueherg. New Fossils from the four Groups of the Nia-

gara Period of Western New York, 144.—H. C. Lewis. Volcanic Dust
from Krakatoa, 185.—J. Willcock. Notes on the Geology and Natural
History of the West Coast of Florida, 188.—A. E. Foote. A large Zircon,
214.—F. D. Chester. Preliminary Notes on the Geology of Delaware

:

Laurentian, Palaeozoic, and Cretaceous Areas, 237.

. . . Parts. 1885.
A. Heilprin. On a remarkable Exposure of Columnar Trap near Orange,

New Jersey, 318.—A. Heilprin. Notes on some new Foraminifera from
the Nummulitic Formation of Florida, 321.

. . , 1885. Part 1. 1885.

G. A. Koenig. A new Locality for Beegerite, 19.—J. Leidy. JRhino-

ceros and Hijypotherium from Florida, 32.—S. H. Scudder. New Genera
and Species of Fossil Cockroaches from the older American Rocks, 34.

—

J. Leidy. Remarks on Mylodon, 49.

. American Philosophical Society. Proceedings. Yol. xxi.

Nos. 115 & 116. 1884.
E. W. Claypole. On the Clinton and other Shales &c. composing the

Fifth Group in the First Survey of Pennsylvania, 492.—E. D. Cope.
Synopsis of the Species of Oreodontidae, 503.—E. D. Cope. On the
Structure of the Skull in the Elasmohranch genus Bidymodus, 572.—P.
Frazer. Trap Dykes in the Archaean Rocks of South-eastern Pennsyl-
vania, 691.—F. A. Genth. On Heredite, 694.—C. A. Ashhurner. Notes
on the Natural Bridge of Yirginia, 699.

Photographic Society of Great Britain. Journal and Transactions.

N". S. Yol. ix. ISTos. 1-9. 1884-85.

Physical Society of London. Proceedings. Yol. vi. Parts 2-4.

1884-85.

Pisa. Societa Toscana di Scienze Katurali. Atti. Memorie. Yol. iv.

Ease. 3. 1885.

. . . Process! Yerbali. YoL iv. (1884). Pp. 73-

146. 1884.
G. Meneghini. Nuove specie di Ammoniti delF Apennino centrale, 75.

—M. Canavari. A proposito di una recente pubblicazione del dott.

Wahner sulle ammoniti deUe Alpi orientali, 84.—J. Cocchi. Nuovi fos-

sili del Yingone in Yal di Chiana, 84.—G. Meneghini. Ellijisactinia del

Gargano e di Gebel Ersass in Tunisia, 106.—M. Canavari. Brachiopodi

retici della Calabria Citeriore, 113.

Plymouth. Devonshire Association for the Advancement of Science,

Literature, and Art. Report and Transactions. Yol. xvi.

1884.
W. Pengelly. The Literature of Kent's Cavern, Part Y., 189.—
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W. Pengelly. Kent's Careni and Glacial or Pre-Glacial Man, 480.—W.
Downes. On a ne-vrlr-discovered Dyke of Mica-trap at Eoseash, near
Soutlimolton, 498.—F. Parfitt. On Earthquakes in Deronsliire^ 640.

—

W. Pengelly, Xotes on ^Notices of the Geology and Palaeontology of

Deronshire; 755.

Plymouth. Devonshire Association for the Advancement of Science,

Literature, and Art. Eeport and Transactions. Supplement,
1884:. The Devonshire Domesday. Part 1. (Bvo.) 1884.

Plymouth Institutioii and Devon and Cornwall i^atural History
Society. Annual Peport and Transactions. Yol. viii. Part 3
(1883-84). 1884.

Prague. i!^aturwissenschaftliche Landesdurchforschung von Bohmen.
Archiv. Band iii. Abth. 1. 1884.

. . . Band iv. Xo. 1. 1878.
A. Frie. Die Weissenberger und Malnitzer Schichten. 1.

. . . . Xo. 2. 1879.
J. Krejci und E. Helmhacker. Erlauterungen zur geologischen Karte

der Umgebungen von Prag, 1.

. . . . Xo. 4. 1882.
E. Boficky. Petrologische Studien an den Poi-phyrgesteinen Bohmens,

L Theil, 1.
"

Xo. 6. 1881.
C. Feistmantel. Der Hangendflotzzug im Schlau-Eakonitzer Stein-

kohlenbecken, 1.

. . . Band v. Xo. 1. 1882.
J. Krej ci und E. Helmhacker. Erlauterungen zur geologischen Karte

des Eisengebirges (Zelezne Hory) und der angrenzenden Gegenden im
ostlichen Bohmen, 1.

Xo. 2. 1883.
A. Erie. Die Iserschichten, 1,

. . . Xo. 3. 1883.
0. Feistmantel. Die mittelbohmische Steinkohlen-Ablagerung, 1.

Princeton, N. J. E. M. Museum of Geology and Archseology.

Third Annual Eeport, 1884. 1884. (8vo.)

Quekett Microscopical Club. Journal. Ser. 2. Yol. ii. Xo. 9.

1884.

. . . . Xo. 10. 1884.

. . . . Xo. 12. 1885.

Eio de Janeiro (Ouro Preto). Escola de Minas de Ouro Preto.

Annaes. Xo. 3. 1884.
H. Gorceix. Lund e suas obras no Brazil, 9.—P. W. Lund. Cavemas

existentes no calcareo do interior do Brazil, contendo algumas dellas os-

sadas fosseis, 59.—^H. Gorceix. Bacias terciaiias d'ague doce nos arre-
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dores de Ouro Preto (Gandarela e Fonseca), Minas Geraes, Brazil, 95.

—

H. Gorceix. Noticia relativa a algims mineraes dos cascalhos diamanti-
feros contendo acido phosphorico, alumina e outras terras da familia do
cerium, 197,—H. Gorceix. Noticia relativa a um zeolitho de uma rocha
pyroxenica da bacia do Abaete, Minas Geraes, 205.—J. C. da Costa-Sena.
Noticia sobre a Seorodita existente nas visinlian9as do Arraial de Antonio
Pereira e sobre a Hydrargillita dos arredores de Ouro Preto, 211.—H.
Gorceix. Estudo dos mineraes que accompanhao o diamante na jazida
de Solobro, provincia da Bahia, Brazil, 219.

Rome. Eeale Accademia dei Lincei. Atti. Serie 3. Mqpiorie.

Yol. xiv. (1882-83). 1883.
J. Cafici. La formazione miocenica nel territorio di Licodio-Eubea,

69.—E. Mattirolo. Su tre roccie di San Piero in Campo (Isola d' Elba),
173.—L. Bombicci. SuU' aerolito caduto presso Alfianello e Verolanuova
(provincia di Brescia); sulla causa delle detonazioni che accompagnano la

caduta dei bolidi ; et suUa costante presenza del ferro nolle meteoriti,

675.

. . . . . Yol. XV. (1882-83). 1883.
G. Spezia. Osservazioni sulla melanoflagite, 300.—C. de Stefani. Os-

servazioni stratigraficbe sui dintorni di Serravezza, 467.—A. Yerri e C.
F. Parona. I. Studi geologici suUe concbe di Terni e di Rieti. II. Con-
tributo alio studio della fauna liassica dell' Appenino centrale, 565.

. . . . . Yol. xvi. (1882-83). 1883.

. . . . . Yol. xvii. (1883-84). 1884.

. . . . Transunti. Yol. viii. Ease. 11-16.

1884.
A. Cossa e G. La YaUe. Sopra un silicato basico idrato di barite,

299.

. . —— . Serie 4. Eendiconti. Yol. i. Ease. 1-12.

1884.

G. Oapellini. Del Zifiode fossile {ChenozipMus planirostris) scoperto

nelle sabbie plioceniche di Fangonero presso Siena, 6.—G. Striiver. SuUa
columbite di Cravezzia in Yal Yigezzo, 8.—G. CapeUini. Resti fossili di

Dioplodon e Mesoplodon raccolti nel Terziario superiore in Italia, 171.

—

G, Striiver. Contribuzione alia mineralogia dei viilcani sabatini : Parte I.

Sui proietti mineral! vulcanici trovati ad est del lago di Bracciano, 178.

—G. Ponzi. Conglomerato del Tavolato ; tiivellazione del fortino sulla

via Appia presso la tomba di Cecilia Metalla. Storia dei vulcani laziali,

accresciuta e corretta, 819.

. Eeale Comitato Geologico d' Italia. BoUettino. Anno xv.

(1884). 1884.
L. Mazzuoli ed A. Issel. Nota suUa zona di coincidenza delle forma-

zioni ofioliticbe eocenica e triasica deUa Liguria occidentale, 2.—A. Issel.

DeUa existenza di una zona ofiolitica terziaria a Rivara Canavese, 28.

—

A. Negri. Le vaUi del Leogra, di Posina, di Lagbi e deU' Astico, nel

Yicentino, 33, 81.—B. Lotti. Osservazioni geologiche sulle isole deU'

Arcipelago toscano, 56.—H. Forstner. Sunto di uno studio sui feldi-

spati di Pantellaria, 61.—B, Lotti. Considerazioni suUa eta e sulla ori-

gine dei gTaniti toscani, 115.—G. B. Rocco. Appunti di una escursione
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mineraria in Toscana, 129.—Quintino Sella : necrologia, 139.—S. Speciale.

Le Isole Pelagie, 161.—D. Zaccagna. Sulla costituzione geologica delle

Alpi marittime, 167.—^F. Coppi. H Miocene medio nei colli modenesi

;

appendice alia Paleontologia modenese, 171.—E. Cortese e M. Canavari.

Nuovi appunti geologici sul Gargano, 225, 288.—L. Bucca. Sopra alcune

roccie della serie cristallina di Calabria, 240.—A. Bittner. Note geolo-

giche sul trias di Recoaro, 249.—Ferdinando t. Hoclistetter : Necrologia,
288.—^D. Lovisato. Nota sopra il permiano ed il triasico della Nurra in

Sardegna, 805.—Gr. Vom Ratli. Escursioni geologiclie in Corsica e

Sardegna, 325.—^K. Dalmer. Sulle condizioni geologiche dell' isola d'

Elba,, 329.—L. Baldacci e M. Cauavari. Le regione centrale del Grran

Sasso d' Italia, 345.—B. Lotti. La miniera cuprifera di Montecatini (Val
di Cecina) e i suoi dintorni, 359.—L. Mazzuoli. Nota sulle formazioni

ofiolitiche delle valle de Penna nell' Appennino ligure, 394.

Royal Agricultural Society of England. Journal. Ser. 2. Vol. xx.

Part 2. No. 40. 1884.

. . . Yol. xxi. Part 1. No. 41. 1885.

Royal Asiatic Society of Great Britain and Ireland. Journal. N. S.

Yol. xvi. Part 4. 1884.

. . . Yol. xvii. Parts 1 & 2. 1885.

Royal Astronomical Society. Memoirs. Yol, xlviii. Part 1.

1884.

Royal College of Surgeons. Calendar, 1884. 1884.

Royal GeograpMcal Society. Proceedings. Yol. vi. Nos. 7-12.

1884.
C. M. Doughty. Travels in North-western Arabia and Nejd, 382.

. . Yol. vii. Nos. 1-6. 1885.

Royal Institution of Great Britain. Proceedings. Yol. x. Part 3.

No. 77. 1884.

. . Yol. xi. Part 1. No. 78. 1885.

T. G. Bonney. The Building of the Alps, 53.—J. W. Judd. Kraka-
toa, 85.

Royal Meteorological Society. Quarterly Journal, 1884. Yol. x.

Nos. 50-52. 1884.

: , 1885. Yol. xi. Nos. 53 & 54. 1885.

Royal Microscopical Society. Journal. Ser. 2. Yol. iv. Parts

4-6. 1884.

. . . Yol. V. Parts 1 & 2. 1885.

E. Wetbered. On the Structure and Origin of Carboniferous Coal-

seams, 406.
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Eoyal Society. Philosophical Transactions. Vol. clxxiv. Part 3.

1884.

. . Vol. clxxv. Part 1. 1884.
R. Owen. Descriptiori of Teeth of a large Extinct (Marsupial ?) genus

Scepai-nodon, Ramsay, 245.—R. Owen. Evidence of a large Extinct

Lizard {Notiosaurus dentatus, Owen) from Pleistocene Deposits, New
South Wales, Australia, 249.—R. Owen. Evidence of a large Extinct

Monotreme {Echidna Ramsayi, Owen), from the Wellington Breccia Cave,

New South Wales, 273.

Proceedings. Vol. xxxvi. No. 231. 1884.
T. G. Bonney. Notes on the Microscopic Structure of some Rocks from

the Andes of Ecuador, collected hy Edward Whymper : No. II. Anti-
sana, 426.

. . Vol. xxxvii. Nos. 232 & 234. 1884.

T. G. Bonney. Notes on the Microscopic Structure of some Rocks from
the Andes of Ecuador, collected by E. Whymper : No. HI. Cotopaxi and
Chimborazo, 114.—T. G. Bonney. Notes on the Structm'e of some Rocks
from the Andes of Ecuador, collected byE.Whymper : No. IV. Carihuairazo,

Cayambe, and Oorazon, 131.—T. G. Bonney. Notes on the Microscopic
Structm'e of some Rocks from the Andes of Ecuador, collected by E.

Whymper : No. V. Conclusion : Altar, IlHnizar, Sinchologua, Cato-
cachi, Sara-m'cu, &c., 394.

. . Vol. xxxviii. Nos. 235 & 236. 1885.
J. S. Gardner. On the Evidence of Fossil Plants regarding the Age

of the Tertiary Basalts of the North-east Atlantic, 14.—Coutts Trotter.

On some Physical Properties of Ice and on the Motion of Glaciers, with
special reference to the late Canon Moseley's Objections to Gravitation-

Theories, 92.—J. Prestwich. On Underground Temperatm'es, with Obser-

vations on the Conductivity of Rocks, on the Thermal Effects of Satura-
tion and Imbibition, and on a special Source of Heat in Mountain Ranges,
161.—Obituary Notices : Robert Alfred Cloyne Godwin-Austen, iv

;

John Gwyn Jeffreys, xiv.

Rugby School Natural History Society. Report for the year 1884.

1885.

St. Louis. Museum of the University of the State of Missouri

(Columbia, Mo.). Bulletin. Vol. i. No. 1. 1884. (8vo.)

J. W. Spencer. Niagara Fossils, 1.

St. Petersburg. Academie Imperiale des Sciences. Bulletin.

Tome xxix. Nos. 3 & 4. 1884.

. . . Tome XXX. No. 1. 1885.

—. . Memoires. Serie 7. Tome xxxi. Nos. 15 & 16.

1883.
P. W. Jermejew, Russische Caledonit- und Linarit-KrystaUe, No. 15.

—. _. . . Tome xxxii. Nos. 1-13. 1884.
A. Karpinsky. Die fossilen Pteropoden am Ostabhange des Urals,

No. 1.—S. NiMtin. Die Fluss-Thaler des mittleren Russlands, No. 5.
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Salem. Peabody Academy of Science. Annual Eeports of the
Trustees, 1874-84. 1885.

San Prancisco. Californian Academy of Sciences. Bulletin, l^os. 2
& 3 (1885). 1885.

A. W. Jacksou. On the Morphology of Colemanite, 3.—J. T. Evans.
The Chemical Properties and Kelations of Colemanite, 37.

Sanitary Institute of Great Britain. Transactions. Yol. v. (1883-
84). 1884.

W. Eassie. The Relationship between Geology and Sanitation, 21.

Society of Arts. Journal. IS'os. 1649-1675. 1884.

. . ms. 1676-1700. 1885.

. . Index to Yolumes xxi.-xxx. (1871-82). 1884.

Society of Biblical Archaeology. Proceedings. Yol. iv. (1883-84).
1884.

Stockholm. Geologiska Forening. Porhandlingar. Bandet vii.

Haft. 5-11. 1884-85.
A. W. Cronquist. Om nagra forvittringsprodukter i Granrotsgrufvan

af Klackbergsfaltet i Norbergs bergslag, 244.—^A. W. Cronquist. Nagra
ord om orsaken till qvartstegels svallning, 255.—A. W. Cronquist. Ce-
mentskiffem fi'an Styggforsen i Boda socken af Kopparbergs lau, 260.

—

M. Weibull. Mineralogiska notiser 1-3, 263.—A. Sjogren. Om Kata-
pleiitens kemiska sammansattning och konstitution, 269.—G. Nordenstrom.
Nagra erinringar om asigterna i aldre tider rorande vara maimers fore-

komstsatt, 276.—G. C. v. Schmalensee. Om leptaenakalken plats i den
siliiriska lagerserien, 280.—W. Lindgren. Annu nagra ord om Berzeh-
iten, 291.—E. Svedmark. Om nagra svenska skapolitforande bergarter,

293,—S. L. Tomquist. Till sporsmalet om leptsenakalkensalder, med an-

ledning af G. C. v. Schmalensees bestamning af densamma, 304.—A. G.
Hogbom. En modifikation af Wredes afvagningsinstrument, 328.—H. v.

Post. Om sodahaltigt vatten fran borrhalet n : o 3 vid Bjuf, 331.—F.
Eichstadt. Mikroskopisk undersokning af olivinstenar och serpentiner

fran Norrland, 333.—H. Sjogren. Kristallografiska studier, 369.—P. Gu-
meehus. Ett par iakttagelser om inlandsisens verkan pa underhggande
berget, 389.—L. J. Igelstrom. En for norden ovanhg blyglansbildning,

393.—H. SjogTen. Om manganarseniaternas fran Nordmarken forekomst-

satt och paragenesis, 407.—W. C. Brogger. Om en ny konstruktion af

et isolations-apparat for petrogratiske undersogelser, 417.—W. C. Brog-
ger. Om Katapleitans tTiUinglove, 427.—L. J. Igelstrom. Kristalliserad

albit och titanit fran St, Morkhultsgrufvan i Filipstads bergslag ; Igel-

stromit fran Knipgrufvan, Ludvika socken, St, Kopparbergs Ian, 434.

—

G. de Geer. Om den skandinaviska landisens andra utbredning, 436,

—

G. de Geer. Om Actinocamax quadratm, Blv., i nordostra Skane, 478.

—

S. L, Tornquist, Genmale pa M. Stopes uppsatts '^ Om Dalarnes sand-

stenar II,," 480.—O, Gumaelius, Sjon hjelmarens forna vattenhojd, 488.

—0. Gumseliiis. Samling af underrattelsar om jordstotar i Sverige, 500.

—A. E. Tomebohm. Om de geologiska svarigheterna kring riksgransen,

501.—H. Sjogren. Om jernmalmema vid Moravicza och Dognacska i

Banatet, 514.—^A. G. Nathorst. Nagra ord om slipsandstenen i Dalarne,
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537.—A. E. Tomebohm. Om de geologiska forhSllandena i trakten kring

Atvidaberg ocli Bersbo, 562.—W. C. Brogger. Forelobig meddelelse om
to nje norske mineraler, LSvenit og Cappelenit, 598.—G. Nordenstrom.
Preliminart meddlande om jordbafningarna i Spanien i December 1884,
600.—L. J. Igelstrom. Manganoxidul-arseniater Mn LSngvik, Gry-
tliytte socken, Orebro Ian, 609.—F. Eichstadt. Om qvartsit-diabaskon-
glomeratet frSn bladen " Nydala," " Vexio," och " Karlshamn," 610.—F.
Syenonius. Nagra profiler inom mellersta Skandinaviens skifferomrade,
631.

Stuttgart. Neues Jabrbuch fiir Mineralogie, Geologie und Palaon-
tologie, 1884. Band ii. Heft 3. 1884.

P. Scharizer. Die basaltiscbe Hornblende von Jan Mayen nebst Be-
merkungen liber die Constitution der thonerdebaltenden Ampbibole, 143.
—C. Rammelsberg. Ueber den Boronatrocalcit und die natiirlichen

Borate iiberbaupt, 158.—F. Rinne. Beitrage zur Kenntniss des KrystaU.-
systems des Zinkoxyds (Zinkits, Eotbzinkerzes), 164.—P. Mann. Unter-
suchungen iiber die cbemische Zusammensetzung einiger Augite aus
Pbonolitben und verwandten Gesteinen, 172.—P. Jannasch. Ueber die

Bestimmung des aus Mineralen durch Trockenmittel abscheidbaren
Wassers, specieU bei Heulandit und Epistilbit, 206.—H. Fischer. Ueber
Nepbritbeile aus Brasilien und Venezuela, 214.—C. Dolter. Erhit-
zungsversucbe an Vesuvian, Apatit, Tourmalin, 217.—H. Sommerlad.
Leucit- und Nepbelinbasalt aus dem Vogelsberg, 221.—S. L. Penfield.

Ueber Erwarmungsversucbe an Leucit und anderen Miueralien, 224.—L.
V. Werveke. Putil in Diabascontactproducten—Durcb Diabas veranderte
Scbiefer im Gebiet der Saar und Mosel, 225.

. , 1885. Band i. Hefte 1-3. 1885.
B. Kolenko. JVlikroskopiscbe Untersucbung einiger Eruptivgesteine von

der Banks-Halbinsel, Neu-Seeland, 1.—A. Streng. Ueber einige mikro-
skopiscb-cbemiscbe Reaktionen, 21.—C. Dolter. Ueber die Abbangig-
keit der optiscben Eigenschaften von der chemiscben Zusammensetzung
beim Pyroxen, 43.—J. E. Wolff". Nepbelingesteine in den Vereinigten
Staaten, 69.—M. von Miklucho-Maclay. Beobachtungen an einigeu

Scbiefern von dem Berge Poroschnaja bei Mscbne-Tagilsk im Ural, 69.

—

A. G. Natborst. Ueber die Beziehungen der islandiscben Gletscberabla-

gerungen zum norddeutscben Diluvialsand und Diluvialtbon, 74.—T.

Liebiscb. Ueber eine Goniometervorrichtung, welcbe zur Messung zer-

setzbarer Krystalle dient, 76.—G. Vom Ratb. Ueber Colemanit, 77.—M.
Websky. Ueber die Ein- und Mebrdeutigkeit der Fundamental-Bogen-
Complexe fiir die Elemente monokliniscber CrystaU-GattuEtgen, 79.—P.
Jannascb. Ueber den Wassergebalt des Klinocblors voni!^.der Mussa
Alpe, 92.—R. Brauns. Einige Beobachtungen imd Bemerkimgen zur
Beurtbeilung optiscb anomaler Krystalle, 96.—W. Voigt. EiMarung der
Farbenerscbeinungen pleocbroitiscber Krystalle, 119.—G. Greim. Ueber
den Diluvialsand von Darmstadt, 142.—M. Neumayr und A. Bittner. Das
Schiefergebirg bei Atben, 151.—A. Weisbacb.—Ueber Herderit, 154.

—

H. Trautscbold. Ueber Trematina foveolata, 155.—J. v. Siemiradzki.

Hyperstbenandesit aus W. Ecuador^ 155.—G. Vom Rath. Ueber das
Gangrevier von Butte, Montana, 158.—F. Sandberger. Borsauregehalt des

Glimmers ; Mangangehalt eines Apatits, 171.—0. Winkler.—Ueber Her-
derit, 172.—A. Streng. Erwiderung [in reference to a paper by A.
Wichmann], 174.—E. Cohen. Das labradoritftihrende Gestein der Kiiste

von Labrador, 183.—F. Sandberger. Fairfieldit von Rabenstein. Pseu-
domorphosen von Quartz und x\lbit nach Kalkspath, 185.—J. Graul. Die
tertiaren Ablagerungen des Soilings, 187.—K. Obbeke. Ueber das Ge-

VOL. XLI. p
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stein vom Tacoma-Berg, Washington Territory, 222.—L. v. Werveke.
Ueber Ottrelithgesteine von Ottre und Viel-Salm, 227.—E. Briiclmer.

Ueber die Vergletscberung Ost-Sibiriens, 236.—A. Streng. Diopsid von
Zermatt, 238.—A. Kenngott. Nepbrit von Jordansmiibl in Scblesien

:

Mao-netismus des Tigerauges ; Topas von Ouro Preto, 239.—E. Coben!
Bericbtigung beziigbcb des " Olivin-Diallag-Gesteins " von Scbriesbeim
im Odenwald, 242.—E. D. M. Verbeek. Ueber Pyroxen-Andesite des
Niederlandiscb-Indiscben Arcbipels, 243. . Krakatau, 244.—T. Lie-
biscb. Ueber die Totalreflexion an optiscb einaxigen Krystallen, 245.

Stuttgart. Neues Jabrbuch fiir Mineralogie, Geologie und Palaon-

tologie, 1885. Beilage-Band iii. Heft 2. 1884.
E.W.Benecke. Erlanterungen zu einer geologiscben Karte des Grigna-

Gebirges, 171.—A. Merian. Studien an gesteinsbildenden Pyroxenen,
252.—J. M. Clarke. Die Fauna des Iberger Kalkes, 316.~H. Traube.
Ueber die Nepbrit von Jordansmiibl in Scblesien, 412.

. . . Hefts. 1885.
W. Deecke. Beitrage zur Kenntniss der Raibler Scbicbten der Lom-

bardiscben Alpen, 429.—C. Klein. Mineralogiscbe Mittbeilimgen XI.,
522.—E. Haug. Beitrage zu einer Monograpbie der Ammonitengattmig
Harpoceras, 585.

Swansea. South-Wales Institute of Engineers. Proceedings.

Yol. xiii. No. 7. 1884.

. . . Yol. xiv. I^os. 1-3. 1884.

W. M. Vivian. Notes on a Deposit of Iron Ore at Marbella, Province

of Malaga, Spain, 48.—J. Clarke Hawksbaw. Tbe Severn Tunnel Rail-

way, 121.—S. Vivian. Tbe Hematite Deposits of tbe Southern Outcrop

of the Carboniferous Limestone of South Wales, 164,

Sydney. Linnean Society of New South Wales. Proceedings.

Yol. ix. Parts 1-4 (1884). 1884-85.

J. Mihie-Curran. On some Fossil Plants from Dubbo, N.S.W., 250.

—

R. V. Lendenfeld. The Eruption in the Straits Settlements and the Even-
ing Glow, 438.—R. von Lendenfeld. The Time of the Glacial Period in

New Zealand, 806.—N. de Miklouho-Maclay. On Volcanic Activity on

the Islands near the North-east Coast of New Guinea, and Evidence of

Rising of the Malay Coast in New Guinea, 963.—J. Brazier. List of

recent Shells found in Clay on the Maclay Coast, New Guinea, 988.—J.

E. Tenison-Woods. The Geology and Physical Geography of the State of

Perak, 1175.

. Royal Society of New South Wales. Journal and Proceedings

for 1883. Yol.xvii. 1884.

J. E. Tenison-Woods. On the Waianamatta Shales, 75.—R. Etheridge,

jun. Fm-ther Remarks on Australian Strophalosi<2, and Description of a

new Species of Aucella from the Cretaceous Rocks of North-east Aus-
tralia, 87.

Tokio. Seismological Societ}' of Japan. Transactions. Yol. vii.

Part 1 (1883-84). 1884.

John Milne. Earth Tremors, 1.—F. du Bois. The Earthquakes of

Ischia, 16.—Catalogue of Earthquakes felt in Tokio between July 1883

and May 1884,43.
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Tokio. Seismological Society of Japan. Transactions. Vol. vii.

Part 2. 1884.

J. Milne. On 387 Earthquakes observed during two years in North
Japan, 1.

. Tokio Daigaku [University]. Appendix to Memoir No. 5.

2544 (1884). (4to.)

Toulouse. Societe d'Histoire NatureUe. Bulletin. 17^ Annee.

1883.
E. Trutat. Excursion au Pic du Gar, pr^s Saint-Beat (Haute Garonne),

18.—De Rey-Pailhade. Excursion au bassin houiller de Carmaux, 129.

—

Eegnault. La Grotte de Gargas, 237.—Boule. Compte-renda d'une de-

couverte faite par M, Cartailhac d'un carriere prehistorique de Silex, 258.

. . . 18^ Annee. 1884.

J. Nery Delgado. Note sur les echantillons de Bilobites envoyes a

I'Exposition g^ographique de Toulouse, 126.

Turin. Osservatorio della Eegia TJniversita. Bollettino. Anno
xviii. (1883). 1884.

. Eeale Accademia deUe Scienze. Atti. Yol. xix. Disp. 4-7.

1884.
A. Cossa. Communicazione intorno ad un' Idocrasia della Valle di

Susa, 639.—G. Piolti. II porfido del VaUone di Robureut, 571.—F.

Sacco. U alta Valle Padana durante 1' epoca delle terrazze in relazione

col contemporaneo soUevamento della circostante catena Alpino-Apen-
ninica, 795.—E. Mattirolo ed E. Monaco. Sulla composizione di un dial-

lagio proveniento dal distritto di Syssert (Monti Urali), 826.

Vol. XX. Disp. 1-5 (1884-85). 1885.
F. Sacco. Sull' origine delle vallate e dei alpini in rapporto coi solleva-

menti delle Alpi e coi terreni pHocenici e quaternari deUa Valle Padana,
639.—F. Sacco. Sopra alcuni fenomeni stratigrafici osservati nei ter-

reni pliocenici deU' alta Valle Padana, 664.

. . Memorie. Serie 2. Tomo xxxvi. 1885.

University CoUege. Calendar, 1884-85. 1884.

Victoria Institute. Journal of the Trarisactioi;is. Vol. xviii. No.

70. 1884.

. . . Nos. 71-73. 1884-85.
J. M. Mello. The Prehistoric History ofFlint Implements at Spiennes,

253.—S. R. Pattison. The Evolution of the Pearly Nautilus, 270.

Vienna. Beitrage zur Palaontologie Oesterreich-Ungarns und
des Orients. Band iv. Hefte 1 & 2. 1884. PicrcJiased.

J. Velenovsky. Die Flora der bohmischen Kreideformation, 1.—K.
A. Penecke. Beitrage zur Kenntniss der Fauna der slavonischen Palu-
dinenschichten, 15.—F. Teller. Neue Anthracotherienreste aus Siidsteier-

mark und Dalmatien, 45.

. . Band v. Heft 1. 1885. Purchased.

J. Velenovsky. Die Flora der bohmischen Kreideformation, 1.

i>2
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Yienna. Kaiserliclie Akademie der Wissenschaften. Anzeiger, 1884.

Nos. 9-28. 1884.

F. Toula. Uebersicht iiber die Reiserouten und die wiclitigsteii Re-
sultate der Reise [Centrale Balkan], 197.—F. Toula, Ueber AmpJiicyon,

Hycemoschus, und Rhinoceros {Acei-atherium) von Goriacb bei Ternau in

Steiermark, 244.

. . , 1885. Nos. 1-12. 1885.
M. Neumayr. Ueber die geograpbiscbe Verbreitung der Juraformation,

45.—F. V. Hauer. Die Fauna der Juraablagerung von Holmstein in

Sachsen, 51.—F. v. Hauer. Ein Beitrag zur Kenntniss der Fiscbe der

bohmiscben Turons, 85.—E. Siiss. Ueber die Kenntniss der Structur

des Libanon und des Anti-Libanon, 104.

. . Denksehriften. Mathematiscb-N'aturwissenscbaft-

liche Classe. Band xlvii. 1883.

C. von Ettingsbausen. Beitrage zur Kenntniss der Tertiarflora Austra-
liens, 101.—M. Neumayr. Ueber klimatiscbe. Zonen wabrend der Jura-
und Kreidezeit; 277.

. . SitzTingsbericlite. Band Ixxxviii. Abth. 1. Hefte
1-5 (1883). 1883-84.

F. Wabner. Das Erdbeben von Agram am 9 November 1880, 15.

—

G. Tscbermak. Beitrag zur Classification der Meteoriten, 347.—0. v.

Ettingsbausen. Zur Tertiarflora von Borneo, 372.—M. Neumayr. Zur
Morpbologie des Bivalvenscblosses, 385.—H. FouUon. Ueber die Mine-
ralogiscbe und cbemische Zusammensetzung des am 16 Februar 1883 bei

Alfianello gefallenen Meteorsteines, 433.—A. Bittner. Micropsis vero-

nensis, ein neuer Ecbinide des oberitalieniscben Eocans, 444.—L.
Teisseyre. Ein Beitrag zur Kenntniss der Cepbalopodenfauna der Orna-
tenthone im Gouvernement Rjasan, 538.—D. Stur. Zur Morpbologie luid

Systematik der Oulm- und Oarbonfarne, 633.—C. v. Ettingsbausen. Zur
Tertiarflora Japans, 851.—J. N. Woldficb. Diluviale Fauna von Zuzla-
witz bei Winterberg im Bobmerwalde, 978.—J. Blaas. Ueber Romerit,
Botryogen und nattirlicben Magnesia-Eisenvitriol, 1121.—G. Tscbermak.
Die Skapolitbreibe, 1142.—^F. Toula. Geologiscbe Untersucbungen im
westlicben Tbeile des Balkan und in den angrenzenden Gebieten, 1279.

—

V. Hilber. Recente und im Loss gefundene Landscbnecken aus China,

1349.

. :. . Bandlxxxix. Hefte 1-5 (1884). 1884.

—— . Kaiserlich-Koniglicbe Bergakademien zu Leoben und Pri-

bram und dieKoniglicb-UngarischeBergakademie zu Schemnitz.

Berg- und Hiittenmannisches Jabrbuch. Band xxxii. Hefte

2-4. 1884.

. . . Band xxxiii. Hefte 1 & 2. 1885.

C. Blomeke. Ueber die Erzlagerstatten des Harzes und die Geschichte

des auf demseiben gefiihrten Bergbaues, 1.

. Kaise-rHcb-Koniglicbe Geologiscbe Reichsanstalt. Abband-
lungen. Band xi. Abth. 1. 1885.

D. Steir. Die Carbon-Flora der Schatzlarer Schichten : Abth. 1. Die

Fame der Carbon-Flora der Schatzlarer Schichten, 1.
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Vienna. Kaiserlich-Konigliche Geologische Reichsanstalt. Jahr-

buch. Band xxxiv. Hefte 3 & 4. 1884.
F. Toula. Ueber einige Saugethierreste von Goriach bei Turnau, in

Steiermark, 385.—F. Bassani. Ueber zwei Fisebe aiis der Kreide des

Monte S. Agata im Gorziscben, 403.—C. v. Camerlander. Geolo-

gische Mittbeilungen aus Central-Mabren, 407.—A. Bittner. Die Ter-

tiar-Ablagerungen von Trifail und Sagor, 433.—F. v. Hauer. Zur Erinne-

rung an Ferdinand v. Hochstetter, 601.—M. Vacek. Beitrag zur Geo-
logie der Radstadter Tauern, 609.—H. Foullon. Ueber die petrogra-

phische BeschafFenheit krystalliniscber Schiefergesteine aus Radstadter
Tauern und deren westlichen Fortsetzung, 635.—C. Diener. Ein Beitrag

zur Geologie des Centralstockes der julischen Alpen, 659.—R. Scbarizer.

Ueber Mineralien und Gesteine von Jan Majen, 707.—G. Di Stefano.

Ueber die Brachiopoden des Unteroolithes von Monte San Giuliano bei

Trapani, Sicilien, 729.—J. Wagner. Ueber die Warmeverhaltnisse in

der Osthalfte des Arlbergtunnels, 743.—Fr. v. Hauer. Erze und Mine-
ralien aus Bosnien, 751.

. . Verhandlnngen, 1884. Nos. 10-17. 1884.
V. Uhlig. Ueber J ura-Fossilien aus Serbien, 178.— A. Rzehak. Con-

chylien aus dem KalktuiF von Radziechow in Westgalizien, 185.—D.
Stur. Todes-Anzeige : Heinrich Robert Goppert, 189.—-N. Andrussow.
Ueber das Auftreten der marin-mediterranen Schichten in der Krim, 190.

—G. C. Laube, Glacialspuren im bohmischen Erzgebirge, 194.—E.

Drasche. Ohemische Analysen einiger persischer Eruptivgesteine, 196.

—V. Uhlig. Diluvialbildungen bei Bukov^na am Dnj ester, 198.—V.
Uhlig. Zur Ammonitenfauna der Baliner Oolithe, 201.—A. Bittner.

Neue Einsendungen tertiarer Gesteinssuiten aus Bosnien, 202.—H. Lech-
leitner. Notizen iiber den Gebirgsstock des Sonnenwendjoches im Unter-
Innthale, Tirol, 204.—A. Rzehak. Conchylien aus dem Kalktuff von
Rossrein bei Lettowitz in Mahren, 208.—T. Posewitz. Geologischer Aus-
fiug in das Tanahlaut, Siid-Borneo, 237.—E. Hussak. Mineralogische

und petrographische Notizen aus Steiermark, 244.—F. Herbich. Schiefer-

kohlen bei Frek in Siebenbiirgen, 248.—R. Zuber. Neue Inoceramen-

funde in den ostgalizischen Karpathen, 251.—F. Bieniasz und R. Zuber.

Notiz iiber die Natur und das relative Alter des Eruptivgesteines von
Zalas im Krakauer Gebiete, 252.—E. Reyer, Reiseskizzeu aus Califor-

nien, 256.—Fr. v. Haner. Cephalopoden des unteren Trias vom Han
Bulog an der Miliaka, O.S.O. von Sarajewo, 217.—F. Toula. Ueber die

Tertiarablagerungen bei St. Veit an der Triesting nnd das Auftreten von
CeritUum lignitarum, Eichw., 219.—H. Keller. Funde im Wiener- und
Karparthen-Sandstein, 233.—A. Bittner. Geologische Verhaltnisse der

Umgebung von Gross-Reifling a. d. Enns, 260.—V. Uhlig. Ueber den

penninischen Klippenzug und seine Randzonen, 263.—H. Foidlon. Ueber
gediegen Tellur von Faczebaja, 269.—M. Lomnicki, Vorlaufige Notiz

iiber die altesten tertiaren Siissv^asser- und Meeresablagerungen in Ost-

galizien, 275.—J, Blass. Ueber eine neue Belegstelle fiir eine wieder-

holte Vergletscherung der Alpen, 278.—H. Pohlig. Geologische Unter-

suchungen in Persien, 281.—E. Tietze. Ueber ein Kohlenvorkommen
bei Cajutz in der Moldau, 284.—E. Tietze. Das Eruptivgestein von
Zalas im Ki'akauer Gebiete, 289.—V. Uhlig. Reisebericht aus Westga-
lizien. Ueber ein neues Miocanvorkommen bei Sandec inmitten der

westgalizischen Sandsteinzone, 292.—0. v. Camerlander. Aufnahmenin
Schlesien, 294.—V. Bieber. Ein Dinotherium-Skelet aus dem Eger-
Franzensbader Tertiarbecken, 299.—R. Homes. Ein Vorkommen des

Pecten denudatns, Reuss, und anderer " Schlier "-Petrefacte im inneral-
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pinen Tlieil des Wiener Beckens, 305.

—

^1. Staub. Die SchieferkoKlen
bei Frek in Siebenbiirgen, 306.—H. Comnienda. Riesentopfe bei Stey-
regg in Oberosterreich, 308.—A. Bittner. Valenciennesienscbicbten aus
Bmnanien, 311,—F. Teller. Xotizen iiber das Tertiar von Stein in
Ki-ain, 313.—V, Ublig. III. Beisebericbt aus W'estgalizien, iiber die
Umgebung von Ezegacina bei Bocbnia, 313.—C. t. Camerlander. 11.

Beisebericlit ans Oesterr.-Schleiienj 321.—F. v. Hauer. Erze und jNIine-

ralien aus Bosnien, 331.—C. Diener. Mittbeilung iiber den geologiscben
Bau des Ceutralstockes der julischen Alpen, 331.—H. Foullon. Uebe*
die WarmeTerbaltnisse der Ostseite des Arlbergtunnels naeb den Beob-
acbtungen des Herm k. k. Oberingenieurs und Sectionsleiters C. Wagner,
333.—H. Foullon. FTeber ein neues Yorkommen yon kiystallisirtem

^laguesit mit saulenfdrmiger Ausbildung, 334.

—

Y. Ublig, Ueber ein

Torkonimen von Silurblocken im nordiscben Diluvium Westgaliziens,

33o.—T. Ublig. Pteisebericbt aus Westgalizien. Ueber die G-egend
Ton Bocbnia und Czcbow. 336.—G. C. Laube. Ueber das Auftreten von
Protogingesteinen im nordlicben Bobmen, 343.—F. Lowl, Fine Hebung
dm'cb intrusive Granitkerne, 346.—V. Ublig. Neue Einsendungen aus
den Kalkalpen zvriscben Modling und Kaltenleutgeben, 346.—Y. Hilber.

Geologiscbe Aufnabme der Xiederung zwiscben Troppau in Scblesien

und Ska-vdna in Galizien, 349.—Fr. v. Hauer. G-eologiscbe und monta-
nistiscbe Karten aus Bosnien : FaI<Bopho7iins mmcius, 355.—M. Yacek.
Ueber einen Unterkiefer von Aceraiherium, cf. minutum, Kaup, aus Con-
gerienscbicbten bei Brunn, 356.—A. Bittner. Aus den Salzburger Kalk-
gebirgen : die Ostauslaufer des Tannengebirges, 358.

Yienna. Kaiserlicb-Konigliche Geologiscbe Eeicbsanstalt, Yer-
bandlungen, 1885. Xos. 3-6. 1885.'

A. Bittner. Zm-StellungderEaibler Scbicbten, 59.—F. Fucbs. Tertiar-

fossilien aus dem Becken von Babna (Eunianien), 70.—G. C. Laube.
Notiz iiber das Yorkommen von Cbamiden und Eudisten im bobmiscben
Turon, 75.—F. Sandberger. Weitere IVIittbeilung iiber tertiare Siiss- und
Brackwasserbildungenaus Galizien, 75.—A.Picbler. Notizen zur Geologie
von Tirol, 77.—E. Handmann. Ueber eine cbarakteristiscbe Saulenbildung

eines Basaltstockes und dessen Umwandlungsform in Wacke, 78.—G.
Teylas. Neue Hoblen in dem siebenbiirgiscben Erzgebirge, 79.—A.
Heim. Zur Frage der '"'Glarner Doppelfalte," 80.—E. Drascbe. Cbe-
miscbe Untersucbimg eines IVIinerals, 81.—0. Diener. Ueber das

Yorkommen von Hierlatz-Sebicbten in der Eofangruppe, 82.—Y. Ublig.

Ueber eine Miki-ofauna aus den vrest-galiziscben Karpatben. 82.—J. Noth.
Petroleumvorkommen in Ungam, 83.—T. Fucbs. ITeber die Fauna von
Hidalmas bei Klausenburg, 101.—T. Fucbs. Miocan-Fossilien aus

Lykien, 107.—A. v. Elipstein. Ueber die Gosaukreide der Ladoialpi auf

dem Sonnenwendjocb bei Brixlegg im Unterinntbal, 113.—P. Hartnigg.

Notizen aus dem Feistritztbale in der Umgebung von Anger, 117.—S.

Eotb. Spuren vormaliger GletscJier auf der Siidseite der Hoben Tatra,

118.—C. Marcbesetti. Hoblentbiere aus der Umgebung von Triest, 123.

—

D. Stur. Yorlage der Fame der Carbon-Flora der Scbatzlarer Scbicbten,

124.—A. Bittner. Neue Einsendungen von Petrefacten aus Bosnien, 140.

—D. Stur. Yorlage eines von Dir. E. DoU im pinolitb von Sung, im
Paltentbale Steiermarks, gefimdenen Thierrestes, 141.—A. Bittner. Aus
den Ennstbaler Kalkalpen: Neue Fundstelle von Hallstatter Kalk, 148.

—

H. V. Foullon. Ueber einen neuen Anbrucb von krystallisirtem Scbwe-
fel bei Truska^viec in Galizien, 146.—H. v. Foullon. Ueber rosenrotben

Calcit von Deutscb-Altenburg, 148.—H. v. Foullon. Calcit auf Koble

aus dem Munzenbero-er Bergbau bei Leoben, 149.—C. v. CamerlaDder.

Aus dem Diluvium des nordwestlicben Scblesiens, 151.— S. Brusina. Be-
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merkungen iiber rumanisclie Paludinen-Schichten mit Bezu^ auf Pro-
fessor G. Cobalescu's Werk : Studii geologice si palaeontologice a supra

unor Teramuri Tertiare din unite Parti ale Komaniei," 157.—L. v. Tausch.

Ueber die Beziehungen der neuen Gattung Durga, G. Bohm, zu den
Megalodontiden, speciell zu Pachymegaloclorij Giimbel, 1G3.—A. Rzehak.
Diatomaceen im Mediterrantegel der Umgebung von Briinn, 166.—D.
Stur. Gescbenke fur das Museum der geologischen Reichsanstalt, 166.

—

K. M. Paul. Das Salinargebiet von Sudrussland, 167.—K. F. Frauscber.

Ergebuisse einiger Excursionen in Salzburger Vorlande, mit besonderer
Beriicksicbtigung der Eocan- und Kreideablagerungen in der Umgebung
von Mattsee, 173.—A. Bittner. Diluvialer Siisswasserkalk von Baden,
eingesandt vom Herrn Lebrer E. Ebenfiibrer in Gumpoldskircben, 183.

—

E. Hussak. Ueber Eruptivgesteine von Steiersdorf im Banat, 185.—A.
Bzebak. Ueber das Vorkommen der Foraminiferengattungen Ramidina
und Cyclammina in den alteren Tertiarscbicbten Oesterreicbs, 186.—B.
Handmann. Zur Concbylien-Ablagerung von St. Veit a. d. Triesting,

188.—H. B. Geiuitz. Zur Gescbicbte des angeblicben Meteoriten-Falles,

im Hirscbfelde bei Zittau, 188.—A. Pawlow. Der Jura von Simbirsk an
der unteren Wolga, 191.—F. Teller. Oligocanbildung im Feistritztbal

bei Stein in Krain, 193.—V. Ublig. Ueber den Verlauf des Karpatben-
Nordrandes in Galizien, 201.—M. Scblosser. Notizen iiber die Sauge-
tbierfauna von Goriacb und iiber Miocanfaunen im AUgemeinen, 207.

—

Nic. Andrussow. Ueber das Alter der unteren dunklen Scbiefertbone

auf der Halbinsel Kertscb, fl3.—A. Picbler. Zur Geologie Tirols, 216.

Vienna. Kaiserlicb-Koniglicbe Zoologiscb-Botaniscbe Gesellschaffc.

Yerhandlungen, 1884. Band xxxiv. 1885.

. Mineralogiscbe und Petrograpbiscbe Mittbeilungen. N. F.

Bandvi. Heft 3. 1884. Purchased.

C. W. C. Fuchs. Die vulkaniseben Ereignisse des Jahres 1883, 185.

—

K. von ObrustscboiF. Ueber eigentbiimlicbe Fliissigkeitsinterpositionen

im Cordierit des Cordieritgneisses von Bodenmais, 232.—F. Becke. Aetz-
versucbe am Bleiglanz, 237.

. . . . Hefte4-6. 1885. Purchased.

F. Loewinson-Lessing. Die Variolite von Jalguba im Gouvemement
Olonez, 281.—M. Scbuster. Studien iiber die FlacbenbescbafFenbeit und
Bauweise der Danburit-Krjstalle vom Seopi in Graubundten, 301.

.

. . . Band vii. Hefte 1 & 2. 1885.

E. M. Robrbacb. Ueber die Eruptivgesteine im Gebiete der scblesiscb-

mabriscben Kreideformation, 1.—K. von Cbrustscbojff. Ueber secundare
Glaseinscblusse, 64.—H. Platcb. Ueber den Gabbro aus der Wildscbonau
in Tirol und die aus ibm bervorgebenden scbiefrigen Gesteine, 75.—M.
Scbuster. Ueber ein neues Vorkommen von krjstallisirtem Ficbtelit, 88.

—F. Becke. Ueber Zwillingsverwacbsungen gesteinbildender Pyroxene
und Ampbibole, 93.—M. WeibuU. Untersucbung scbwediscber Minerale,

108.—A. Becker. Ueber die Scbmelzbarkeit des kobleusiiuren Kalkes,
122.—0. W. C. Fucbs. Die vulkaniseben Ereignisse des Jabres 1884,

146.

Warwick. Warwickshire Naturalists' and Archaeologists' Field

Club. Proceedings, 1883. 1884.

P. B. Brodie. An Account of the Discovery, by Prof. Lapwortb, of

Cambrian and pre-Cambrian Rocks in North Warwickshire formerly sup-

posed to be of Carboniferous Age, 13.—P. B. Brodie. Volcanoes, their

Nature and Origin^ 17.
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Washington. Philosophical Society. Bulletin. Vol. vii. (1884).

1885.
J. 0. Russell. The existing Glaciers of the High Sierra of California,

5.—W. C. Kerr. The IMica Mnes of North Carolina, 9.—J. C. Russell.

Deposits of Volcanic Dust in the Great Basin, 18.—J. E. Eastman, A
new Meteorite, 32.— J. S. DiUer. The Volcanic Sand which fell at

Unalashka, Octolier 20, 1883, and some Considerations concerning its

Composition, 33.—G. H. Williams. The Methods of Modern Petro-

graphy, 36.—T. Robinson. The Strata exposed in the East Shaft of the

Waterworks Extension, 69.—T. Robinson, Was the Earthquake of

September 19th felt in the District of Columbia? 73,—C. E, Dutton.
The Volcanoes and Lava-Fields of New Mexico, 76.

. Smithsonian Institution. Annual Report for 1882. 1884.

(8vo.)

. . Bureau of Ethnology. 2nd Annual Report, 1880-81.

By J. W. PoweU. 1883. (4to.)

Watford. Hertfordshire Natural History Society and Eield Club.

Transactions. Vol. iii. Parts 1-4. 1884-85.
H. G. Fordham. Notes on Boulders and Boulder-clay in North Hert-

fordshire, 33.—J. V. Elsden. On the Microscopic Structure of Boulders
found in the North of Hertfordshire, 47.

WeUington. New-Zealand Institute. Transactions and Proceedings.

Vol. xvi. (1883). 1884.

J. A. Pond. On the Pottery Clays of the Auckland District, 443.—R,
M. Laing. A few Notes on Thermal Springs at Lyttelton, 447.—S, H,
Cox. On the Occm-rence of some new Minerals in New Zealand, 448.

—

F. W. Hutton. On the Lower Gorge of the Waima-Kariri, 449.

—

D. Sutherland. Recent Discoveries in the Neighbourhood of Milford

Soimd, 454.—^A. Hunter. Direct Evidence of a Change in the Elevation

of the Waikato District, 459.

Wiesbaden. Nassauischer Verein fiir Naturkunde. Jahrbiicher.

Jahrgang 37. 1884.

Winona. Minnesota Academy of Natural Science. Bulletin.

Vol. ii. No. 2. 1881.

N. H. Winchell. The Ancient Copper-Mines of Isle Royale, 29.

No. 4. 1883.

W. Upham. Lake Agassiz : a Chapter in Glacial Geology, 290.

York. Yorkshire Philosophical Society. Annual Report for 1884.

1885.

Zoological Society of London. Proceedings, 1884. Parts 2-4.

1884-85.

. , 1885. Part 1. 1885.

Report of the Council for the year 1884. 1885.
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2. Books.

Names of Donors in Italics.

Achepohl, L. Das ]^iederrheinisch-Westfalische Steinkohlengebirge.

Lieferung 10. I'ol. Essen, 1883. Purchased.

Africa. Instructions nautiques sur la cote occidentalo d'Afrique, de

Sierra Leone au Cap Lopez, par C. P. de KerhaUet et Francois.

8vo. Paris, 1883. Presented by the Depot de la Marine.

Agassiz' und seiner Preunde geologische^Alpenreisen in der Schvreiz,

Savoyen und Piemont. Ein Alpenreisebuch, unter Agassiz',

Studer's und Carl Yogt's Mitwirkung verfaszt von E. Desor.

Herausgegeben von Carl Yogt. 2® Auflage. 8vo. Frankfurt

am Main, 1847. Presented by A. W. Waters, Esq., F.G.S.

ATbrecht, P. Ueber die morphologische Bedeutung der Kiefer-,

Lippen- und Gesicbtsspalten. 8vo. Berlin, 1884 ?

Sur les elements morphologiques du manubrium du sternum

chez les mammiferes. 8vo. Brussels, 1884.

Sur les spondylocentres epipituitaires du Crane. 8vo.

Brussels, 1884.

— . Sur la valeur morphologique de la trompe d'Eustacbe. 8vo.

Brussels, 1884.

— . Erwiderung auf Herrn Prof. Dr. Hermann v. Meyer's

Aufsatz, " Die Zwischenkieferknocben und ibre Beziebungen

zur Hasenscbarte und zur scbragen Gesicbtsspalte." 8vo. Berlin,

1884.

Sur les bomodynamies qui existent entre la main et le pied

des mammiferes. 8vo. Brussels, 1884.

IJeber die Zabl der Zabne bei den Hasenscbartenverspalten.

8vo. BerHn, 1884.

Alert. Report on tbe Collections made in tbe Indo-Pacific Ocean

during tbe Yoyage of H.M.S. ' Alert,' 1881-82. 8vo. London,

1884. Presented by the Trustees of the British Museum.

Alsace-Lorraine. Geologiscbe Specialkarte von Elsass-Lotbringen.

Abbandlungen. Band ii. Heft 3. 8vo. Strassburg, 1884.

Atlas, 4to. Purchased.

. . . Band iv. Heft 2. 1884. Purchased.

Anon. Forests, Streams, Lakes, and Resources of Nortbem
Michigan. 8vo. Marquette, Micb., 1884. Presented by W.
Whitaher, Esq., F.G.S.

. Tbe Wonders of Geology ; by tbe Author of Peter Parley's

Tales. 8vo. Boston, 1852. Presented by W. Topley, Esq.,

F.G.S.
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Anon (Trevigra). The Eeaction of Gravity in Motion, or the Third
Motion of the Earth. 8vo. London, n. d. Presented by J. A.
Wade, Esq.

Australia. Cote est d'Australie. Yue de cotes par "Wallut. 8vo.
Paris, 1882. Presented hy the Depot de la Marine.

Barrett, C. The Geology of Swyre, Puncknowle, Burton Brad-
stock, &c. 8vo. Bridport, 1878. Presented by II. B. Woodward,
Esq., F.G.S.

Barrois, C. Le granite de Eostrenen, ses apophyses et ses contacts.

8vo. LiUe, 1884.

Sur les ardoises a iN'ereites de Bourg d'Oueil, Haute

-

Garonne. 8vo. Lille, 1884

Bauerman, H. Text-book of Descriptive Mineralogy. 8vo. London,
1884.

Belgium. Musee Royol d'Histoire Naturelle de Belgique. Carte
geologique. Textes explicatifs de la livraison de 1884, viz.:

—

Modave, Yirton, Euette, Lamorteau, Landen, St. Trond, Heers.
8vo. Brussels, 1884.

Bellardi, L. I molluschi dei terreni terziarii del Piemonte e della

Liguria. Parte 4. 4to. Turin, 1884.

Bercher, C. E. Ceratiocaridse from the Chemung and Waverly
Groups at "Warren, Pennsylvania. 8vo. Harrisburg, 1884.

Beust, Fritz. Untersuchung iiber fossile Holzer aus Gronland. 4to.

Basel, 1884. Purchased.

Blanford, W. T. Address to the Geological Section of the British

Association at Montreal, 1884. 8vo. London, 1884.

Blomeke, C. Die Erzlagerstatten des Harzes und die Gesehichte des

auf denselben gefiihrten Bergbaues. 8vo. Vienna, 1885. Pwr-
chased.

Blum, J. E. Handbuch der Lithologie oder Gesteinslehre. 8vo.

Erlangen, 1860. Presented by A. W. Waters, Esq., F.G.S.

Bomemann, J. G. Yon Eisenach nach Thai und Wutha. 8vo.

Berlin, 1884.

Boyd, C. E. Eesources of South-west Yirginia, showing the Mineral

Deposits of Iron, Coal, Zinc, Copper, and Lead. 8vo. New York,

1881. Presented by H. Bauermann, Esq., F.G.S.

British Museum (Natural History). Catalogue of the Fossil Mam-
malia. Part I. Containing the orders Primates, Chiroptera, In-

sectivora, and Eodentia. By E. Lydekker. 8vo. London,

] 885. Presented by the Trustees of the British Museum.

. Guide to the Collection of Fossil Fishes in the Department

of Geology and Palaeontology. 8vo. London, 1885. Presented

hy Br. E. Woodward, F.B.S., F.G.S.
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Brodie, P. B. Volcanoes, their Nature and Origin. 8vo. Warwick,

1883.

An Account of the Discovery by Prof. Lapworth of Cambrian

and pre-Cambrian Rocks in North Warwickshire. 1883.

Brongniart, C. Note sur les tufs quatemaires de Bernouville pres

Gisors, Eure. 8vo. Paris, 1880.

. Rapport sur une note de M. Maxime Cornu relative a

Taction des huiles lourdes de goudron sur les vignes. 8vo. Ro-

morantin, 1882.

. Excursion dans I'Atlas. 8vo. Paris, 1881.

. Notices Scientifiques. 8vo. Gray, 1882.

. Note complementaire sur le Titanophasma Fayoli et sur les

Protojphasma Dumasii et Woodwardii. 8vo. Paris, 1883.

. Sur un nouvel insecte des terrains carboniferes de Commentry
(Allier), et sur la faune entomologique du terrain houiller. 8vo.

Paris, 1882.

Apergu sur les insectes fossiles en general, et observations

sur quelques insectes des terrains houillers de Commentry (Allier).

8vo. Montlugon, 1883.

— . Restaurations d'ailes d'inseetes provenant du terrain car-

bonifere de Commentry (Allier). 8vo. Paris, 1884.

— . Sur nn nouvel insecte fossile de I'ordre des Orthopteres,

provenant des terrains houillers de Commentry (Allier). 4to.

Paris, 1884.

— . Sur la decouverte d'une empreinte d'insecte dans les gres

siluriens de Jurques (Calvados). 4to. Paris, 1884.

Sur un gigantesque Neurorthoptere, provenant des terrains

houillers de Commentry (Allier). 4to. Paris, 1884.

— . [Respiration des Insectes.] 8vo. Paris, 1885.

— . Insecte fossile des gres siluriens. 4to. Paris, 1885.

et M. Cornu. Champignon observe sur un insecte. 8vo.

Paris, 1881.

Buenos-Ayres. Annuaire statistique de la Province de Buenos-

Ayres, publie sous la direction du C. R. Coni, 1882. 8vo.

Buenos Ayres, 1883. Presented by the Argentine Scientific

Society.

Cadell, H. M. The Harz Mountains—their Geological Structure

and History. 8vo. Edinburgh, 1884.

Calchith, W. W. Shingle on East Coasts of New Zealand. 4to.

London, 1884. Presejited hy J. B. Redman, Esq., M.Inst.C.E.,

F.G.S.
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California. State Mining Bureau. Eourth Annual Eeport of the
State Mineralogist (H. Gr. Hanks), for the year ending May 15,

1884. 8vo. Sacramento, 1884.

Cameron, P. A Monograph of the British Phytophagous Hymeno-
ptera {Tenthredo, Sirecc, and Cynips, Linne). Yol. ii. 8vo.

London, 1885. Presented by the Ray Society.

Canada. Geological and Natural-History Survey. Comparative
Yoeabularies of the Indian Tribes of British Columbia. By W.
F. Tolmie and G. M. Dawson. 8vo. Montreal, 1884.

Cajpellini, G. Del Zifioide fossile ( Ghoneziphus planirostris) scoperto

nelle sabbie plioceniche di Pangonero presso Siena. 4to. Eome,
1885.

. Eesti fossili di Dioplodon e Mesoplodon. 4to. Bologna,

1885.

Garboni-Grio, D. I terremoti di Calabria e Sicilia nel secolo 18.

8vo. Naples, 1885.

Carlberg, J. 0. Historiskt sammandrag om Svenska Bergverkens

uppkomst och utveckling samt grufvelagsliftningen. 8vo. Stock-

holm, 1879. Presented by JR. Henderson, Esq., F.G.S.

Caruana, A. A. Discovery of a Tomb-Cave at Ghain Sielem, Grozo,

in June 1884. 4to. Malta, 1884.

. El-Gherien tal-Liebru, Malta : a hypogeum discovered in

July 1884. 4to. Malta, 1884.

Casley, George. Geology of Lyme Regis. Sm. 8vo. Lyme
Eegis, 1880. Presented by H. B. Woodward, Esq., F.G.S.

Challenger. Eeports on the Scientific Eesults of the Yoyage of

H.M.S. 'Challenger' during the years 1873-76. Narrative.

Yol. i. Parts 1 & 2. 4to. London, 1885.

Zoology. Yol. ix. (in 2 vols.). 4to. London,

1884.

Yol. X. 4to. London, 1884. Presented

the Lords of H.M. Treasury.

Ghelot, E. Eectification pour servir a I'etude de la faune eocene du

bassin de Paris. 8vo. Paris, 1885.

China. Instructions nantiques sur les mers de Chine. Intro-

duction. 8vo. Paris, 1883. Presented by the Depot de la

Marine.

Ghoffat, P. De I'impossibilite de comprendre le Callovien dans le

Jurassique superieur. 8vo. Lisbon, 1884.

. Sur la place a assigner au Callovien. 8vo. Lisbon, 1884.

Churchill, J. F. Stsechiological Medicine, and its Applications to

Diseases of the Lungs and other Organs. 8vo. London, n. d.
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Glaypole, E. W. On the Clinton and other Shales &c., composing

the Fifth Group of llogers in the First Survey of Pennsylvania.

8vo. Philadelphia, 1884.

. Pennsylvania before and after the Elevation of the Appa-

lachian Mountains : a Study in Dynamical Geology. 8vo. Salem,

1885.

Clinch, G. Note on the Discovery of certain Palaeolithic Weapons
and Instruments at Church Field, West Wickham, Kent. 8vo.

Bromley, 1882.

. Some Account of Ancient Excavations in Well Wood and

Chalk-pit Field, West Wickham, Kent. 8vo. West Wickham,
1884.

Cochin-China &c. Annuaire des Marees de le basse Cochinchine et

du Tong-kin pour I'an 1884. 12mo. Paris, 1883. Presented hy

the Dejpot de la Marine.

Gohn, F. Heinrich Eobert Goppert als Naturforscher. 8vo. Breslau,

1885.

Gollins, J. H. Mineralogy. 2 vols. 8vo. London, 1878 &
1883.

, and H. T. Gollins. The Geological Age of Central and
West Cornwall. (2 papers.) 8vo. Truro, 1881 & 1884.

Gope, E. D. On the Evolution of the Yertebrata, Progressive and
Eetrogressive.—The Position of Fterichthys in the System. 8vo.

Salem, 1884.

. Paleontological Bulletin. I^'os. 38 & 39. 8vo. Philadelphia,

1884.

. The Choristodorse. 8vo. Salem, 1884.

. The Creodonta. 8vo. Salem, 1884,

. The Mastodons of North America. 8vo. Salem, 1884.

. The Tertiary Marsupialia. 8vo. Salem, 1884.

. Rodentia of the European Tertiaries. 8vo. Salem, 1885.

. The Amblypoda. 8vo. Salem, 1 885.

. The Lemuroidea and the Insectivora of the Eocene Period

of North America. 8vo. Salem, 1885.

Cornish, T. Our Gold-Supply : its Effects on Finance, Trade,

Commerce, and Industries. 8vo. London, 1884. Presented by

H. Bauermann, Esq., F.G.S.

Gorte Real, J. A. Hesposta a Sociedade Anti-Esclavista de Londres.

8vo. Lisbon, 1884.

Cox, Colonel. On the Blue Clay at Sturry. Newspaper-slip, 1872.

Presented hy W. Whitalcer, Esq., F.G.S.

Ball, W. H. A Monograph of British Fossil Brachiopoda : a

Review. 8vo. Cambridge, Mass., 1885.
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Damon, R. Geology of Weymouth, Portland, and Coast of Dorset-

shire from Swanage to Bridport-on-the-Sea. 'New edition. 8vo.

Weymouth, 1884 ; also Supplement, 2nd edition, 1880.

Dauhree, A. Exposition Uniyerselle de 1867 a Paris. Eapports du
Jury International. Substances minerales. 8vo. Paris, 1867.

. . Experiences sar la schistosite des roches et sur des de'-

formations de fossiles correlatives de ce phenomene ; consequences

geologiques qu'on pent en deduire. 8vo. Paris, 1877.

. . Applications de la methode experimentale a I'etude des de-

formations et des cassures terrestres. 8vo. Paris, 1879.

Descartes, I'un des createurs de la cosmologie et de la geo-

logic. 8vo. Paris, 1880.

— . Sur les reseaux de cassures ou diaclases qui coupent la serie

des terrains stratifle's : Exemples fournis par les environs de

Paris. 8vo. Paris, 1880.

Essai d'une classification des cassures de divers ordres, que

presente I'ecorse terrestre. 8vo. Paris, 1882.

. Etudes experimentales sur I'origine des cassures terrestres

et sur leur coordination reciproque au point de vue des accidents

du relief du sol. 8vo. Paris, 1882.

Davies, D. C. A Treatise on Earthy and other Minerals and Mining.

8vo. London, 1884. Presented hy H. Bauemian, Esq., F.O.S.

Dawklns, W. Boyd. On some Apatite near Ottawa, Canada. 8vo.

Manchester, 1884.

Dawson, J. W. Observations on the Geology of the Line of the

Canadian Pacific Railway. 8vo. London, 1884.

. Rough Notes of a l^aturalisfs Yisit to Egypt. 8vo,

London, 1884.

Dechen, H. v. Geologische Briefe aus America. 8vo. Bonn, 1884.

De Bance, C. E., and W. Topley. Report of the Committee ap-

pointed for the purpose of inquiring into the Rate of Erosion of

the Sea-coasts of England and Wales, and the Influence of the

Artificial Abstraction of Shingle or other Material in that Action.

8vo. London, 1885.

Derhy, 0. A. On the ElexibiHty of Itacolumite. 8vo. New
Haven. 1884.

. Peculiar Modes of Occurrence of Gold in Brazil. 8vo.

New Haven, 1884.

. Physical Geography and Geology of Brazil. 8vo. Rio de

Janeiro, 1884.

Dewalque, G. Catalogue des ouvrages de geologie, de mineralogie

et de paleontologie, ainsi que des cartes geologiques qui se trouvent

dans les principales bibliotheques de Belgique. 8vo. Liege, 1884.

Presented by the Societe Geologique de Belgique.
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Dictionary, Hungarian-German, by M. Ballagi. 8vo. Pest, 1872.

Presented by A. W. Waters, Esq., F.Q.S.

Diener, 0. Ein Beitrag zur Geologie des Centralstocks der julischen

Alpen. 8vo. Yienna, 1884.

. Ueber den Lias der Kofan-Gruppe. 8vo. Vienna, 1885.

Dollo, L. Premiere note sur le Simoedosaurien d'Erquelinnes. 8vo.

Brussels, 1884.

Doi/le, P. Paper-making in India, being Notes of a Visit to the

Lucknow Paper-Mill. 8vo. Lucknow, 1885.

Duncan, P. Martin. Address to the Linnean Society, 1884. 8vo.

London, 1884.

. A Kevision of the Pamilies and Genera of the Sclerodermic

Zoantharia, Ed. & H., or Madreporaria (M. rugosa excepted),

8vo. London, 1884.

-, and W. P. Sladen. On the Pamily Arhaciadce, Gray, Part 1.

8vo. London, 1885.

The Classificatory Position of Hemiaster elongatus.

Duncan & Sladen : a Eeply to a Criticism of Prof. Sven Loven.
8vo. London, 1884.

Duponty E. La chronologic geologique. 8vo. Brussels, 1884.

Elsden, J. V. On the Microscopic Structure of Boulders found in

the North of Hertfordshire. 8vo. Hertford, 1884.

Encyclopaedia Britannica. 9th edition. Vols, xviii., xix. Orn-Pro".

4to. Edinburgh, 1885. Purchased.

Encyclopaedic Dictionary. Vol. iv. Part 1. Glot-Int. 4to. London,
1884. Presented by the Rev. B. Hunter, F.G.8.

England and Wales. Geological Survey. Memoirs. Explanation
of Quarter-sheet 50 N.W. The geology of the country around
Diss, Eye, Botesdale, and Ixworth, by E. J. Bennett. 8vo.

London, 1884.

. . . QQ S.W. The geology of the country

around Attleborough, Watton, and Wymondham, by E. J. Bennett.

8vo. London, 1884.

. . . 68 N.W. and S.W. The geology of

the country around Eakenham, Wells, and Holt, by H. B. Wood-
ward. 8vo. London, 1884.

93 N.E. The geology of the country

north-east of York and south of Malton by C. Eox-Strangways.

8vo. London, 1884.

— . . . 94 N.E. The geology of Bridlington

Bay, by J. R. Dakyns and C. Eox-Strangways. 8vo. London,
1885.

95 N.W. The geology of the country

between Whitby and Scarborough, by C. Eox-Strangways and
G. Barrow. 8vo. London, 1882.
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England and Wales. Geological Survey. Memoirs. Explanation
of Quarter-sheet 96 N".E. The geology of Eskdale, Eosedale,
&c., by C. Fox-Strangways, C. Eeid, and Gr. Barrow. 8vo.
London, 1885.

. . . The Vertebrata of the Forest Bed Series of
JS'orfolk and Suffolk, by E. T. Newton. 8vo. London, 1882.

Guide to the Geology of London and the
Neighbourhood, by W. Whitaker. 4th edition. 8vo. London,
1884.

English Channel. Annuaire des Courants de Maree de la Manche
pour I'an 1883. 8vo. Paris, 1883. Presented hy the Dejjot de
la Marine.

Evans, John. Address deKvered at the Anniversary Meeting of the
Koyal Society on Monday, Dec. 1, 1884. 8vo. London, 1884.

. Physiography. 8vo. London, 1884.

Favre, E. Eevue geologique suisse pour I'annee 1884. xv. 8vo.

Geneva, 1885.

Felix, J. KoraUen aus agyptischen Tertiarbildungen. 8vo. Berlin,

1884.

Flower, W. H. On the Development and Succession of the Teeth
in the Marsupialia. 4to. London, 1867. Presented hy Prof.
P. M. Duncan, F.R.S.

Fordham, H. G. Notes on Boulders and Boulder-Clay in North
Hertfordshire. 8vo. Hertford, 1884.

France. Depot de la Marine. Annuaire des Marees des Cotes de
France pour I'an 1884. 12mo. Paris, 1883.

. . 1885. 12mo. Paris, 1884.

Catalogue par ordre geographique des Cartes, Plans,

etc. 8vo. Paris, 1883.

French, H. H. A Paper on Bournes. 8vo. Sutton, 1884.

Fritsch, A. Fauna der Gaskohle und der Xalksteine der Permfor-
mation Bohmens. Band ii. Heft 1. 1885.

Gardner, J. S. A Monograph of the British Eocene Flora. Yol. ii.

Part 2. 4to. London, 1884.

On the Relative Ages of the American and the English

Cretaceous and Eocene Series. 8vo. London, 1884.

. The Age of the Basalts of the North-east Atlantic. 8vo.

Belfast, 1884.

Gaudry, A. Sur un Sirenien d'espece nouvelle trouve dans le

bassin de Paris. 8vo. Paris, 1881.

. Nouvelle note sur les Reptiles Permiens. 8vo. Paris,

1885.
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Gcinitz, H. B. Ueber die Grenzen der Zechsteinformation und der

Dyas iiberhaupfc. 4to. Dresden, 1885.

Genth, F. A., and G. Vom Rath. On the Vanadates and lodyrite

from Lake Valley, Sierra Co., New Mexico. 8vo. Philadelphia.

Gilpin, E. Notes on the De Bert Coal-Pield, Colchester Co., N.S.

Goodchilcl, J. G. Contributions towards a List of the Minerals

occurring in Cumberland and Westmoreland. 8vo. Carlisle,
'

1885.

Gosselet, J. Note sur deux roches cristallines du terrain devonien

du Luxembourg. 8vo. Lille, 1884.

. Note sur les schistes de St. Hubert dans le Luxembourg et

principalement dans le bassin de Neufchateau. 8vo. Lille,

1884.

— . Note sur quelques affleurements des poudingues devonien et

liassique et sur I'existence de depots siluriens dans I'Ardenne.

8vo. Lille, 1884.

Eemarques sur la faune de I'assise de Vireux a Grupont.

8vo. Lille, 1884.

Sur la faille de Eemagne et sur le metamorphisme qu'elle a

produit. 8vo. Lille, 1884.

— . Note sur les schistes de Bastogne. 8vo. Lille, 1885.

. Sur la structure geologique de I'Ardenne d'apres von Lasaulx.

8vo. Lille, 1885.

Great Britain. Geological Survey. Memoirs. Vol. iii. (North

Wales.) 2nd edition. 8vo. London, 1881.

Green, W. L. The Volcanic Problem from the point of view of

Hawaiian Volcanoes. 8vo. Honolulu, 1884.

Greenland. Meddelelser om Gronland. Hefte 4-6. 8vo. Copen-

hagen, 1883. And Tillseg til Heft 5. 4to. Copenhagen, 1883.

Presented hy Prof. F. Johnstrwp.

Grimes., J. S. Geonomy : Creation of the Continents by Ocean
Currents. 8vo. Philadelphia, 1885.

Groth, E. JR. G. An Essay on the Origin and Development of the

Solar System. 8vo. London, 1884.

Groth, P. Physikalische KrystaUographie und Einleitung in die

krystallographische Kenntniss der wichtigeren Substanzen.

Zweite Auflage. 8vo. Leipzig, 1885. Purchased.

Glimbel, K. W. von. Geologie von Bayern. 1^"^ Theil. Grundziige

der Geologic. Lief. 1 & 2. 8vo. Cassel, 1884 & 1885. Purchased.

. Ueber die Beschaffenheit der MoUusken-Schalen. 8vo.

Stuttgart, 1884.

VOL. XLI. q
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Gunn,J. On Coal-Fields in the Eastern Counties. 8vo. l^orwich,

1885.

Hamt, J. von. In Memoriam : Ferdinand R. von Hochstetter. 8vo.

Christchurch, N.Z., 1884.

HaU^ James, Descriptions of the Species of Fossil Eeticulate

Sponges constituting the Family Dictj^ospongidse. 8vo. Albany,
1884.

Harher, A. Grraphical Methods in Field-Geology. 8vo. London,
1884.

. On the Successive Stages of Slaty Cleavage. 8vo. London,

1885.

. The Cause of Slaty Cleavage: Compression v. Shearing.

8vo. London, 1885.

. The Oolites of the Cave District. 8vo. 1885.

Harrison, J. T. On the Sources of "Water Supply for the Metropolis.

4to. London, 1884. Parliamentary Eeturn.

Hatle, E. Die Minerale des Herzogthums Sfceiermark. Hefte 1 & 2.

8vo. Graz, 1884. Purchased.

Hebert, E, Notes sur la geologic du departement de I'Ariege. 8vo.

Paris, 1884.

Heilprin, A. Contributions to the Tertiary Geology and Paleon-

tology of the United States. 4to. Philadelphia, 1884.

Heim, A. Handbuch der Gletscherkunde. 8vo. Stuttgart, 1885.

Purchased,

Hesse. GrossherzoglichSessische Geologische Landesanstalt zu Darm-
stadt. Abhandlungen. Bandi. Heft 1. 4to. Darmstadt, 1884.

Hinde, G. J. Description of a new Species of Crinoids with Articu-

lating Spines. 8vo. London, 1885.

Homes, E., and M. Auinger. Die Gasteropoden der Meeres-Abla-

gerungen der ersten und zweiten miocanen Mediterran-Stufe in

der osterreichisch-ungarischen Monarchic. Lief. 4. 4to. Yienna,

1884. Purchased.

Hopkinson^ J. Eemarks on the Land Mollusca, with reference to

their Investigation in Hertfordshire. 8vo. Hertford, 1884.

HuIl,E. Mount Seir, Sinai, and Western Palestine. 8vo. London,

1885. Presented hy the Committee of the Palestitie Exploration

Fund,

Hunt, T. Sterry. The Taconic Question in Geology. Part 2. 4to.

Montreal, 1884.

. The Origin of Crystalline Bocks. 4to. Montreal, 1884.

Hussak, E. Anleitung zum Bestimmen der gesteinbildenden Mine-

ralien. 8vo. LeiDzi?, 1885. Purchased.
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Hatton, F. W. On the Geology of the North Head of Manukau
Harbour. 8vo. Wellington, 1870.

. On the Alluvial Deposits of the Lower Waikato, and the

Formation of Islands by the Eiver. 8vo. Wellington, 1872.

Description of three new Tertiary Shells in the Otago-

Museum. 8vo. Wellington, 1875.

— . On the Cause of the former great Extension of the Glaciers'

in New Zealand. 8vo. Wellington, N.Z., 1875.

— . On the Eelation between the Pareora and Ahuriri Forma-
tions. 8vo. Wellington, 1877.

Descriptions of some new Tertiary Shells from Wanganui.
8vo. Wellington, 1883.

. Eevision of the recent Lamellibranchiata of New Zealand.

8vo. Sydney, 1884.

. The Origin of the Fauna and Flora of New Zealand. 8vo.

Dunedin, ] 884.

India. Geological Survey. Memoirs. Yol. xxi. Parts 1 & 2.

8vo. Calcutta, 1884.

. . _ . Vol. xxi. Part 4. 1885.

. . . Palseontologia Indica. Series 4. Indian

Pre-Tertiary Yertebrata. Yol. i. Part 1. By E. Lydekker.

4to. Calcutta, 1885.

-. . . . Series 10. Indian Tertiary and
Post-Tertiary Yertebrata. Yol. iii. Parts 2-4. By E.

Lydekker. 4to. Calcutta, 1884.

. . — . Part 5. By
E. Lydekker. 1884.

— . . . . Series 13. Salt-range Fossils. By
W. Waagen. J.. Productus-limestone Fossils ; lY. (fasc. 3 & 4).

4to. Calcutta, 1884.

— . . . . Series 14.- Tertiary and Upper
Cretaceous Fossils of Western Sind. Yol. i. No. 3. The Fossil

Echinoidea. Fasc. 4. By P. M. Duncan and W. P. Sladen.

4to. Calcutta, 1884.

— . . Eecords. Yol. xvii. Parts 3 & 4. 1884. 8vo.

Calcutta, 1884.

—. . . Yol. xviii. Parts 1 & 2. 1885.

Irving^ B. D. Divisibility of the Archsean in the North-west. 8vo.

New Haven, 1885.

, and G. B. van Hise. On Secondary Enlargements of Mineral

Fragments in certain Eocks. 8vo. Washington, 1884.

Italy. Ministerio di AgricoUure, Industria e Gommercio. Direzione

generale dell' Agricoltura. Eelazione sul servizio minerario nel

1882. 8vo. Eome, 1884.

q2
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Jack, B. L. Lecture on the Bowen Eiver Coalfield. Newspaper
slip, 1885 (' Port Denison Times ').

Jamieson, T. E. The Inland Seas and Salt-Lakes of the Glacial

Period. 8vo. London, 1885.

Jannettaz, E. Les Roches. 2e edition. 8vo. Paris, 1884.

Jeffreys, J. Gwyn. On the MoUusca procured during the ' Lightning

'

and ' Porcupine ' Expeditions, 1868-70. Pt. 8. 8vo. London,
1884.

. On the Concordance of the Mollusca inhabiting both sides

of the North Atlantic and the intermediate Seas. 8vo. London,
1885.

Johnstrupf F. Nogle lagttagelser over Glacial Phsenomenerne og

Cyprina-Leret i Danmark. 8vo. Copenhagen, 1882.

Jones, T. Rupert. Eeview of ' Second Annual Eeportof the IJnited

States Geological Survey to the Secretary of the Interior,'

1880-81.

. Demonstration on Marbles and other Monumental Stones.

8vo. London, 1884.

— . Notes on Palaeozoic Bivalved Entomostraca. No. 17. Some
North-American Leperditice and allied Forms. 8vo. London,
1884.

— . Notes on the Palaeozoic Bivalved Entomostraca. No. 18.

Some species of the Entomididse. 8vo. London, 1884.

Notes on the Foraminifera and Ostracoda from the Deep
Boring at Richmond. 8vo. London, 1884.

—. Notes on the late Mr. George Tate's Specimens of Lower
Carboniferous Entomostraca from Berwickshire and Northampton-
shire. 8vo. London, 1884.

— . On the Geology of South Africa. 8vo. London, 1884.

On the Implementiferous Gravels near London. 8vo.

London, 1884.

—. Intermittent Streams in Berkshire. 8vo. London, 1885.

-, and J. W. Kirhhy. Notes on the Palaeozoic Bivalved Ento-

mostraca. No. XIX. 8vo. London, 1885.

, -, and G. S. Brady. A Monograph of the British Fossil

Bivalved Entomostraca from the Carboniferous Formations.

Part 1. No. 2. 4to. London, 1884.

, and Henry Woodward. Notes on Phyllopodiform Crustaceans,

referable to the Genus Echinocaris, from the Palaeozoic Rocks.

8vo. London, 1884.

Jones, Sir Willoughby. The Arterial Drainage of Norfolk. 8vo.

Norwich. 1^^^, p -^^....*^ hy H. B. Woodward, Esq., F.G.S.
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Journet, F. L'Australie. 8vo. Paris, 1884.

Kneeland, S. The Subsidence Theory of Earthquakes. 8vo.

Boston, 1884.

Konen, A. von. Beitrage zur Kenutniss dor Placodernien des nord-

deutschen Oberdevon's. 4to. Gottingen, 1883.

. Ueber eine Paleocane Fauna von Kopenhagen. 4to. Got-
tingen, 1885.

Kuntze, 0. Ueber gasogen-sedimentare Entstehung der TJrgesteine.

8vo. Leipzig, 1884.

Kusta, J. Thelyplionus bohemicus, n. sp. Ein Geisselscorpion

aus der Steinkohlenformatiou von Eakonitz. 8vo. Prag, 1884.

Lajnvorfh, C. The Mason College and Technical Education. 8vo.

Birmingham, 1884.

. On the Close of the Highland Controversy. 8vo. London,
1885.

Lasaulx, A. von. Einfiihrung in die Gesteinslehre. 8yo. Breslau,

1885. Purchased.

La ToucTie, J. D. A Handbook of the Geology of Shropshire. 4to.

London, 1884.

Lebour, G. A. Deposit of Lacustrine Marl in West Yorkshire.

8yo. London, 1884.

. On the Breccia-Gashes of the Durham Coast, and some
recent Earth-shakes at Sunderland. 8vo. I^ewcastle-on-TjTie,

1884.

. On the Geological Distribution of Endemic Goitre in Engr-

land. 8vo. n. d.

Lendenfeld, R. v. Der Tasman-Gletscher und seine TJmgebung.

4to. Gotha. 1884. Purchased.

LeonardelH, G. II Saldame, il Rego e la Terra di Punta Merlera

in Istria come formazione termica. 8vo. Rome, 1884.

LesquereiLv, Leo. Description of the Coal Elora of the Carboniferous

Formation in Pennsylvania and throughout the United States.

Vols. i. & ii. 8vo. Harrisburg, 1880. Also Atlas. 8vo.

1879.

. Description of the Coal Flora of the Carboniferous Formation

in Pennsylvania, and throughout the United States. Yol. iii.

8vo. Harrisburg, 1884.

Lewis, H. C. On supposed Glaciation in Pennsylvania south of the

Terminal Moraine. 8vo. Newhaven, 1884.

Notes on the Progress of Mineralogy in 1884. 8vo. Phila-

delphia, 1885.-

Lindstrbm, G. On the Silurian Gastropoda and Pteropoda of Gotland.

4to. Stockholm, 1884.



l8o ADDIIIOXS 10 THE LIBEAET.

Livei'sidge, A. Eoeks from Xew Britaiu and Xew Ireland. Svo.

Sydney, 1883.

The Deniliqnin or Barratta Meteorite. 1st and 2nd Xotice.

Svo. Sydney, 1883.

On the Chemical Composition of certain Eocks, Xew South
Wales, kc. Ist Notice. Svo. Sydney, 1SS3.

Loretz^ H. Ueber Echinospharites und einige andere organische

Eeste aus dem Untersilur Thiiringens. Svo. Berlin, 1SS4.

Loven, S. On Pourtalesia, a genus of Echinoidea. 4to. Stockholm,

1883.

Ldwl, F. Die Granit-Kerne des Kaiserwaldes bei Marienbad. Svo.

Prag, 1885.

Lucy, W. C. The Terrace Gravels of Auchnasheen, Boss-shire :

Hoch Crib, Fretheme. Svo. Gloucester, 1SS3.

—— . Section of a "WeU-sinking at the Island, Gloucester, by
Messrs. Bobertson and Co., and some Bemarks upon the Thickness

of the Loifver Lias at Gloucester and the Neighbourhood. Svo.

Gloucester, 1SS4.

. Section of Birdlip. Some Bemarks on a Boring for TTater

near Birdlip for the City of Gloucester. Svo. Gloucester, 18S4.

iMndgreii. B. Anmarkningar om Spondylusartema i Sveriges

Kritsystem. -Ito. Stockholm, 1SS5.

ITndersokningar ofver Brachiopodema i Sveriges EJritsystem.

Ito. Lund, 18S5.

Liitl-en, C. Des cranes et des autres ossements humams de Minas
Geraes dans le Bresil Central. Svo. Copenhagen, IS34.

Lydel-l-er, R. Synopsis of the Fossil Vertebrata of India ; Xote on

the Bijori Labyrinthodont ; and Xote on a SkuU of Hijjjpotlierium

antiJopinum. 8vo. Calcutta, 1883.

' . Catalogue of Vertebrate Fossils from the Siwaliks of India,

in the Science and Art IMuseum, Dublin. 4to. Dublin, 1884.

. Notes on some Fossil Carnivora and Eodentia. Svo.

London, 1884.

—. Note on the Distribution in Time and Spac€ of the Genera

of Siwalik Mammals and Birds. Svo. London, 1884.

Note on three Genera of Fossil Artiodaetyla, with De-
scription of a new Species. Svo. London, 1885.

LyeU, Sir C, and P. M. Duncan, The Student's Elements of

Geolog}', by Sir Charles Lyell. Fourth Edition, revised by P.

Martin Duncan. Svo. London. 1SS5. Presented by L. Lyell,

Esq.,F.G.S.

Lyman, B. S. A Eeview of the Atlas of the "Western Middle

Anthracite Field. Svo. 1SS4.
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Marcou, J. Biographical Notice of Joachim Barrande. 8vo. Cam-
bridge, Mass., 1884.

. Notes a roccasion du proohain Congres geologique inter-

national, avec des remarques sur lea noms des terrains fossiliferes

les plus anciens. 8v\i). Paris, 1884.

. The " Taconio System " and its Position in Stratigraphio

Geology. 8vo, Cambridge, Mass., 1885.

, and J. B. Marcou. Mapoteca Geologioa Americana. A.

Catalogue of Geological Maps of America (North and South), 1752-
1881, in geographic and chronologic order. 8vo. Washington,
1884.

Marcou, J. B. A Review of the Progress of North American In-
vertebrate Palaeontology for 1883. 8vo. Salem, 1883.

Marion, A. F. Siir les caracteres d'une Conifere tertiaire, voisine

des Dammarees {Doliostrohus Sternhergi). 4to. Paris, 1884.

Marsh, 0. G, Dinocerata : A Monograph of an Extinct Order of

gigantic Mammals. 4to. Washington, 1884.

Massalongo, A. Sopra le piante fossili dei terreni terziarj del

Yicentino. 8vo. Padova, 1851. Presented hy A, W, Waters,

Esq„F.G.S.

. PlantsD fossiles novsB in formationibus tertiariis regni Yeneti

nuper inventse. 8vo. Yerona, 1853. Presented hy A. W,
Waters, Esq., F.G.S.

. Palseophyta rariora formationis tertiarise agri Yeneti, 8vo,

Yenice, 1858. Presented hy A. W. Waters, Esq., F.G.S.

. Reliquie della flora fossile eocena del Monte PasteUo nella

provincia Yeronese. 8vo. Yenice, 1858. Presented hy A, W,
Waters, Esq., F.G.S.

Medlicott, H. B. Submerged Forest on Bombay Island. 8vo.

Calcutta, 1882 ?

Mercalli, G. Contribuzioni aUa geologia deUe Isole Lipari. 8vo.

MHan, 1879.

, Natura delle eruzioni dello Stromboli ed in generale dell'

attivita sismo-vulcanica nolle Eolie. 8vo. Milan, 1881.

. Le inondazioni et i terremoti di Yerona, 8vo. 1882.

. Sull' eruzione Etnea del 22 marzo 1883. 8vo. Milan,

1883.

. Notizie sullo stato attuale dei vulcani attivi Italiani. 8vo.

Milan, 1884.

Metcalfe, A. T. On the Mammoth at CresweU. 8vo. Derby ?,

1885.

Meunier, Stanislas. Encyclopedic Chimique. Tome 2. Metalloides.

Appendice 2me cahier. Meteorites. 8vo. Paris, 1884.

' . Traite de Paleontologie pratique. 8vo. Paris, 1884.
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Miller, H. Tynedale Escarpments ; their Pre-glacial, Grlacial, and
Post-glacial Features. 8vo. JSTeweastle-upon-Tyne, 1880.

. Hiver-terracing; its Methods and their Eesults. 8vo. Edin-
burgh, 1884.

. On Boulder-glaciation. 8vo. Edinburgh, 1885.

Moreton, S. H, Milford Sound and the Scenery of the West Coast

of the Middle Island of N'ew Zealand. 8vo. Invercargill, N. Z.,

1882.

A Scramble over the Lake Mountains. 8vo. Invercargill,

N. Z., 1885.

Moseley, H. N. On the Structure of the Stylasteridae, a Family of

the Hydroid Stony Corals. 4to. London, 1878. Presented hy

Prof. P. M. Duncan, F.KS.

Naumann, E. TJeber den Bau und die Entstehung der japanischen

Inseln. 8vo. Berlin, 1885. Purchased.

Navarro, E. J. Estudio prehistorico sobre la Cueva del Tesora.

8vo. Malaga, 1884.

Newherry, J. S. Descriptions of some peculiar screw-like Fossils

from the Chemung Rocks. 8vo. New York, 1885.

Newfoundland. Pilote de Terre-Neuve, par G. Clone. 2me edition.

2 vols. 8vo. Paris, 1882. Presented by the Dejpot de la

Marine.

New South Wales. Australian Museum. Report of the Trustees

for 1883. 4to, Sydney, 1884.

—=— . Department of Mines, Annual Report of the, for the year

1883. 4to. Sydney, 1884,

New Zealand. Control and Inspection of Mines (Report on), 1884.

4to. Wellington, 1884. Presented by G. J. Binns, Esq.

. Geological Survey. Reports of Geological Explorations

during 1883-84. 8vo. Wellington, 1884.

, Meteorological Report, 1883. 8vo. Wellington,

1884.

Nicholson, G. The Work and Workers of the British Association,

1831-1884. 8vo. London, 1884.

NiecUwiedzhi, J. Ueber die Salzformation von Wieliczka und
Bochnia sowie die an diese angrenzenden Gebirgsglieder. 8vo.

Lemberg, 1884.

Nihitin, S. Die Cephalopodenfauna der Jura-Bildungen des Gou-

vernements Kostroma. 4to. St. Petersburg, 1884.

Norway. Instructions nautiques sur les cotes ouest de Norvege.

8vo. Paris, 1883. Presented by the Depot de la Marine.
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iS"orwegian North Sea Expedition. Den Norske N"ordhavs Expe-
dition 1876-78.

XI. Zoologi. Asteroidea ved D. C. Danielssen og J. Koren. 4to.

Christiania, 1884.

"XII. Zoologi. Pennatulida ved D. C. Danielssen og Johan
Koren. 4to. Christiania, 1884.

XIII. Zoologi. Spongiadae ved G. A. Hansen. 4to. Christiania,

1885. Presented by the Meteorological Institute, Christiania.

Nova Scotia. Department of Mines. Report for the year 1884.
8vo. Halifax, N. S., 1885.

Omhoni, G. Delle Ammouiti del Yeneto che furono descritte e

fignrate da T. A. Catullo. 8vo. Venice, 1884.

Owen, R. A History of British Eossil Reptiles. Parts 1-5. 4to.

London, 1849-51. Purchased.

. . Yols. 1-4. 4to. London, 1849-84. Purchased.

Oiuen, Sir R. Antiquity of Man as deduced from the discovery of

a Human Skeleton during the Excavations of the East and West
India Dock Extensions at Tilbury. 8vo. London, 1884,

Pacific Ocean. Instructions nautiques sur I'ocean Pacifique Sud.

lies Samoa. 8vo. Paris, 1884. Presented hy the Depot de la

Mat'ine.

Paleontologie Erangaise. Ire serie. Animaux invertebres. Ter-
rain jurassique. Livraison 70. Crinoides, par P. de Loriol. 8vo.

Paris, 1884. Purchased.

. . . . Livraison 71. Echinides reguliers,

par G. Cotteau. 8vo. Paris, 1884. Purchased.

Livraison 72. Crinoides, par P.

de Loriol. 8vo. Paris, 1884. Purchased.

— . . . . Livraisons 73 & 75. Echinides regu-

liers, par G. Cotteau. 8vo. Paris, 1884. Purchased.

Livraison 74. Crinoides, par P.

de Loriol. 8vo. Paris, 1884. Purchased.

—
. . . . Livraison 77. Rrachiopodes, par

Deslongchamps. 8vo. Paris, 1885. Purchased.

—. . . . Livraisons 76 & 78. Echinides

reguliers, par G. Cotteau. 8vo. Paris, 1885. Purchased.

Paris. Museum d'histoire naturelle. Nouvelle galerie de Paleon-
tologie. 8vo. Paris, 1885.

Parsons, J. Discovery of Coprolites at Mussoorie (India). 8vo.

Roorkee, 1884.

Pavloiu, A. Notes sur I'histoire geologique des oiseaux. 8vo.

Moscow, 1885.

Notions sur le systeme jurassique de I'Est de la Russie.

8vo. Paris, 1884.
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Peacoch, B. A. Second Supplement to ' Saturated Steam.' 8vo.
London, 1884.

Penck^ A. Die Eiszeit in den Pyrenaen. 8vo. Leipzig, 1883.

. Alte und neue Gletscher der Pyrenaen. 8vo. Salzbursr,

1884.

. Geographische Wirkungen der Eiszeit. 8vo. Berlin, 1884.

. Mensch und Eiszeit. 4to. Brunswick, 1884.

Pennsylvania. Second Geological Survey. Eeports. Presented hy
the Survey.

A. Historical Sketch of Geological Explorations in Pennsylvania
and other States, by J. P. Lesley. 8vo. Harrisburg,
1876.

Ag. A Special Eeport to the Legislature upon the Causes, Kinds,
and amount of Waste in mining Anthracite, by Eranklin
Piatt; with a Chapter on the Methods of Mining, by
John Price Wetherill. . 8vo. Harrisburg, 1881.

Ag. First Eeport of Progress in the Anthracite Coal Eegion.
The Geology of the Panther Creek Basin or Eastern End
of the Southern Eield, by C. A. Ashburner. 8vo. Har-
risburg, 1883. And Atlas. 8vo.

Ag. Atlas, "Western Middle Anthracite Eield. Part 1. 8vo.

Ag. Grand Atlas. Division II. Anthracite Coal Eields. Part 1.

Eol. Harrisburg, 1884.

AC. Eeport on the Mining Methods and Appliances used in the

Anthracite Coal Eields, by H. M. Chance. 8vo. Harris-

burg, 1883. And Atlas. 8vo.

B. Preliminary Eeport on the Mineralogy of Pennsylvania, by
E. A. Genth; with an Appendix on the Hydrocarbon
Compounds, by S. P. Sadtler. 8vo. Harrisburg, 1875.

Bg. Second Preliminary Eeport on the Mineralogy of Pennsyl-

vania, by E. A. Genth. 8vo. Harrisburg, 1876.

C. Eeport of Progress in the district of York and Adams Coun-
ties, by Persifor Erazer, Jun. 8vo. Harrisburg, 1876.

Cg. Eeport of Progress in the Counties ofYork, Adams, Cumber-
land, and Eranklin, by Persifor Erazer, Jun. 8vo. Har-
risburg, 1877.

Cg. The Geology of Lancaster County, by Persifor Erazer, Jun.

8vo. Harrisburg, 1880. And Maps.

C4. The Geology of Chester County. Edited by J. P. Lesley.

8vo. Harrisburg, 1883.

Cg. The Geology of Philadelphia County and of the Southern

Parts of Montgomery and Bucks, by C. E. Hall. 8vo.

Harrisburg, 1881.
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D. Report of Progress on the Brown Hematite Ore Eanges of

Lehigh County, by Frederick Prime, Jun. 8vo. Harris-

burg, 1875.

Dg. Eeport of Progress on the Brown Hematite Deposits of the

Siluro-Cambrian Limestones of Lehigh County, lying be-

tween Shimersville, Millerstown, Schnecksville, Balliets-

ville, and the Lehigh River, by Frederick Prime, Jun.

Svo. Harrisburg, 1878.

Dg. YoL 1. The Geology of Lehigh and Northampton Counties,

by J. P. Lesley, R. N. Sanders, H. M. Chance, F. Prime,

and C. E. Hall. Svo. Harrisburg, 1883.

Dg. Vol. 2. The Geology of the South Mountain Belt of Berks
County, by E. Y. d'lnvilHers. 8vo. Harrisburg, 1883.

Dg. Yols. 1 & 2. Atlas. Svo.

D,. Atlas. Svo.

E. Special Report on the Trap Dykes and Azoic Rocks, by T.

Sterry Hunt. Part 1. Svo. Harrisburg, 1878.

F. Report of Progress in the Juniata District on the fossil Iron

Ore Beds of Middle Pennsylvania, by John H. Dewees

;

with a Report of the Aughwick Yalley and East Broad
Top District, by C. A. Ashburner. Svo. Harrisburg,

1878.

G. Report of Progress in Bradford and Tioga Counties, by
Andrew Sherwood, Franklin Piatt, and John Fulton.

Svo. Harrisburg, 1877 (?).

Gg. The Geology of Lycoming and Sullivan Counties, by Andrew
Sherwood and Franklin Piatt. Svo. Harrisburg, 1880.

Gg. The Geology of Potter County, by Andrew Sherwood ; with
Report on the Coal Fields, by Franklin Piatt. Svo.

Harrisburg, 1880.

G^. The Geology of Clinton County, by H. M. Chance. Svo.

Harrisburg, 1880.

Gg. The Geology of Susquehanna County and "Wayne County,

by I. C. White. Svo. Harrisburg, 1881.

G3. The Geology of Pike and Monroe Counties, by I. C. "White

;

Special Surveys of the Delaware and Lehigh Water Gaps,

by H. M. Chance. Svo. Harrisburg, 1882.

G7. The Geology of the Susquehanna River Region in the six

counties of Wyoming, Lackawanna, Luzerne, Columbia,

Montour, and Northumberland, by I. C. White. Svo.

Harrisburg, 1883.

H. Report of Progress in the Clearfield and Jefferson District

of the Bituminous Coal Fields of Western Pennsylvania,

by Franklin Piatt. Svo. Harrisburg, 1875.
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Hg. Eeport of Progress in the Cambria and Somerset District

of the Bituminous Coal Pield^ of Western Pennsyl-
vania, Part I., by P. and W. G. Piatt. 8vo. Har-
rishurg, 1877.

H3. , Part II., by P. and W. G. Piatt. Svo. Harris-
burg, 1877.

H^. Eeport of Progress in Indiana County, by "W. G. Piatt.

8vo. Harrisburg, 1878.

Hg. Eeport of Progress in Armstrong County, by W. G. Piatt.

8vo. Harrisburg, 1880.

Hg. Eeport of Progress in Jefferson County, by W. G. Piatt.

8vo. Harrisburg, 1881.

H7. A Eevision of the Bituminous Coal Measures of Clear-

field County, by H. M. Chance. 8vo. Harrisburg,

1884.

I. Eeport of Progress in the Yenango County District, by
John P. CarU, with Observations on the Geology
around Warren, by P. A. EandaU, and Note on the

comparative Geology of north-eastern Ohio and north-

western Pennsylvania and western New York, by
J. P. Lesley. 8vo. Harrisburg, 1875.

Ig. Eeport of Progress, Oil-well Eecords and Levels, by John
P. CarU. 8vo. Harrisburg, 1877.

13. The Geology of the Oil Eegions of Warren, Yenango,
Clarion, and Butler Counties, including Surveys of the

Garland and Panama Conglomerates in Warren and
Crawford, and in Chatanqua Co., N. T. ; descriptions

of Oil-well rig and tools, and a discussion of the Pre-

glacial and Postglacial drainage of the Lake-Erie

country, by John P. CarU. 8vo. Harrisburg, 1880.

With maps, &c.

14. Geological Eeport on Warren County and the neighbour-

ing Oil Eegions, with additional OU-weU Eecords, by
J. P. CarU. 8vo. Harrisburg, 1883.

J. Special Eeport on the Petroleum of Pennsylvania, its pro-

duction, transportation, manufacture, and statistics,

by Henrj^ E. Wrigley. 8vo. Harrisburg, 1875.

K. Eeport of Progress in the Green and Washington District

of the Bituminous CoalPields ofWestern Pennsylvania,
by J. J. Stevenson. Svo. Harrisburg, 1876.

Kj. Eeport of Progress in the Payette and Westmorelajid

District of the Bituminous Coal Pields of Western
Pennsylvania, Part I., by J. J. Stevenson. 8vo.

Harrisburg, 1877.

K . , Part II., by J. J. Stevenson. Svo. Harrisburg,

1878.
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L. Special Keport on the Coke Manufacture of the Youghio-
gheny River Valley in Fayette and Westmoreland
Counties, with geological notes of the Coal and Iron-ore

Beds, by Franklin Piatt. 8vo. Harrisburg, 1876.

M. Report of Progress in the Laboratory of the Survey at

Harrisburg, by Andrew S, McCreath. 8vo. Harrisburg,

1875.

M^. Second Report of Progress in the Laboratory of the Survey

at Harrisburg, by A. S. McCreath. 8vo. Harrisburg,

1879.

M3. Third Report of Progress in the Laboratory of the Survey
at Harrisburg, by A. S. McCreath. 8vo. Harrisburg,

1881.

'N. Report of Progress. Two hundred Tables of Elevation

above tide-level of the railroad stations, summits, and
tunnels ; canal locks and dams, river riffles, &c., in and
around Pennsylvania, by Charles Allen. 8vo. Harris-

burg, 1878.

0. Catalogue of the Geological Museum, by Charles E, Hall.

Part 1. 8vo. Harrisburg, 1878.

O3. . Part 2. 8vo. Harrisburg, 1880.

P. Description of the Coal Flora of the Carboniferous Forma-
tion of Pennsylvania and throughout the United States,

by Leo Lesquereux. Yols. i. and ii. (in one vol.). 8vo.

Harrisburg, 1880. Atlas. 8vo. Harrisburg, 1879,

. Yol. iii. 8vo, Harrisburg, 1884 (Text and Plates

in one vol.).

P„. The Permian or Upper Carboniferous Flora of West Yir-

ginia and S.W. Pennsylvania, by W. M. Fontaine and
I. G. White. 8vo. Harrisburg, 1880.

P3. Ceratiocaridse from the Upper Devonian Measures in

Warren County, by C. E. Beecher ; Eurypteridse from
the Lower Productive Coal Measures in Beaver County,

and the Lower Carboniferous, Pithole Shale, in Yenango
County, by J. Hall. 8vo. Harrisburg, 1884.

Q,. Report of Progress in the Beaver River District of the

Bituminous Coal Fields of Western Pennsylvania, by I.

C. White. 8vo. Harrisburg, 1878.

Q^. The Geology of Lawrence County, by I. C. White. 8vo.

Harrisburg, 1879.

Q3. The Geology of Mercer County, by I. C. White. 8vo.

Harrisburg, 1880.

Q^. The Geology of Erie and Crawford Counties, by I. C. White.

Discovery of the Pregiacial Outlet of Lake Erie, by J. W.
Spencer. 8vo. Harrisburg, 1881.
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R. The Geology of McKean County and its connection with
that of Cameron, Elk, and Forest, by Chas. A. Ash-
burner. 8vo. Harrisburg, 1880. Also Maps and
Charts. 8vo.

R. (Appendix A.) Drillings for Coal in Sergeant Township,
McKean County, by N. F. Jones, J. P. Lesley, and C. A.
Ashburner. 8vo. Harrisburg, 1881.

T. The Geology of Elair County, by E. Piatt. 8vo. Harris-

burg, 1881.

T. Geology of Blair County, by J. J. Stevenson. Atlas. 8vo.

Tj. The Geology of Bedford and Pulton Counties, by J. J.

Stevenson. 8vo. Harrisburg, 1882.

T^. The Geology of Centre County, by E. Y. d'Invilliers. 8vo.

Harrisburg, 1881.

y. Parti. The IS'orthern Townships of Butler County. Part 2.

A special Survey made in 1875, along the Beaver and
Shenango rivers, in Beaver, Lawrence, and Mercer

Counties, by H. M. Chance. 8vo. Harrisburg, 1884.

Vj. The Geology of Clarion County, by H. M. Chance. 8vo.

Harrisburg, 1880.

Z. Report on the Terminal Moraine in Pennsylvania and
Western Kew York, by H. C. Lewis. 8vo. Harris-

burg, 1884.

Pennsylvania. Second Geological Survev. Reports A^, B, B.„

C, C,, C3, D, D„ E, P, G, G,, G3, G„ H, H,, H H„ H., I, I„ I^

J, K„ £3, L, M,, N", 0, 0„ P, P„ Q, Q„ Q3, R, T, Y, Y,. 8vo.

Harrisburg, 1875-84. Presented by H. Bauerman, Esq., F.G.S.

Penj, G. A. Estatistica agricola do Districto de Beja. Parte 2 & 3.

4to. Lisbon, 1884-85.

Petzholdt, A. Silicification organischer Kdrper. 4to. Halle, 1853.

Presented hy Prof. P. M. Duncan, F.B.S.

Phillies, J. Arthur. A Treatise on Ore Deposits. 8vo. London,

1884.

Pichler, A. Beitrage zur Geognosie Tirols. 8vo. Insbruck, 1859.

Presented by A. W. Waters, Esq^., F.G.S.

PortiSf A. Les Cheloniens de la mollasse Yaudoise conserves dans

le Musee Geologique de Lausanne. 4to. Geneva, 1882.

. 11 calcare del Monte Tabor, Piemonte. 8vo. Turin, 1883.

. II cervo deUa torbiera di Trana. 8vo. Turin, 1883.

. Nuovi chelonii fossili del Piemonte. 4to. Turin, 1883.

. Nuovi studi sulle traccie attribuite aU' uome Pliocenice. 4fco.

Turin, 1883.

. Contribuzione aUa ornitolitologia Italiana. 4to. Turin,

1884.
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Portugal. Communicagoes da secgao dos trabalhos geologicos de

Portugal. Tomo i. Fasc. 1. 1885. 8vo. Lisbon, 1885. Pre-

sented hy that Survey,

Putman, C. E. Elephant Pipes in the Museum of the Academy of

Natural Sciences, Davenport, Iowa. 8vo. Davenport, 1885.

Queensland. Keport on the Tin Mines of Herberton, Western, and
Thompson's Creek Districts, and the Silver Mines of the Dry Eiver,

by B, L. Jack. 4to. Brisbane, 1883.

. Report on the Mount Morgan Gold Deposits, by R. L. Jack.

4to. Brisbane, 1884.

Eeport on the Hodgkinson Gold-field, by R. L. Jack. 4to.

Brisbane, 1884.

Quenstedt, Fr. Aug. Die Ammoniten des schwabischen Jura.

Hefte 4 & 5. 8vo. Stuttgart, 1884. And Atlas, 4to. Pur-
chased,

Handbuch der Petrefaktenkunde. 3e Auflage. Abth. 3 & 4.

8vo. Tiibingen, 1884, 1885. Purchased,

' . Petrefaktenkunde Deutschlands. Abth. 1. Band vii.

Hefte b&Q. Gasteropoden, Hefte ^&Q, 8vo. Leipzig, 1884.

Atlas, 4to. Purchased.

Reade^ T, M. Denudation of the two Americas. 8vo. Liverpool,

1885.

Reid, C, On Norfolk Amber. 8vo. Norwich, 1884.

. On recent Additions to the Fauna and Flora of the Cromer
Forest-Bed. 8vo. Norwich, 1884.

Reidy J, Notes on the Origin and Development of Granitic and
other allied Varieties of Plutonic Kocks. 8vo. Edinburgh,

1885.

Reinsch, P. F. Micro-Palaeo-Phytologia Formationis Carboniferae.

2 vols. 4to. Erlangen, 1884. Purchased.

Renard, A. Recherches sur la composition et la structure des

phyllades ardennais. 8vo. Brussels, 1884.

Renevierf E. Le Muse'e Geologique de Lausanne en 1883. 8vo.

Lausanne, 1884.

—— . Les facies geologiques. 8vo. Geneva, 1884.

. Rapport sur la marche du Musee Geologique Vaudois en

1884, avec une notice sur Fichthyosaure acquis pour le musee.

8vo. Lausanne, 1885.

Rogers, W. B., A Reprint of Annual Reports and other Papers on
the Geology of the Virginias, by the late. 8vo. New York,

1884. Presented by Mrs. Rogers.
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Romanowski, G. Materialien zur Geologie von Turkestan. Lief. 1.

4to. St. Petersburg, 1880.

. . Lief. 2. [In Russian.] 4to. St. Petersburg, 1884.
Presented hy the Russian Geological Society.

Russia. Comite geologique de la Russie. Memoires. Tol. i, Xos. 2
'& 3. 4to. St. Petersburg, 1884.

. . . Yol. ii. Xo. 1. 4to. St. Petersburg,

1884.

Reports for 1884. Tome iii. Xos. 3-10. Svo.

St. Petersburg, 1884 & 1885.

— . , Reports. YoL iv. Parts 2-b. 1885.

Saporta, G. Les organismes problematiques des anciennes mers.

4to, Paris, 1884. Purchased.

, et A. P. Marion. L'evolution du regne vegetal.—-Les

Pbanerogames. 8yo. Paris, 1885.

Sartorius von Waltershausen, W. Untersucliungen iiber die Klimate
der Gegenwart und der Yorwelt mit besonderer Eeriicksichtigung

der Gletscher-Erscheinungen in der Diluvialzeit. 4to. Haarlem,
1865. Presented by A. W. Waters, Esq., F.G.S.

Saxony. Geologische Specialkarte des Kdnigreichs SacTisen. Erlau-

terungen. Blatt 29, Mutzschen ; Blatt 125, Eirchberg ; Hatt 129,

Zoblitz ; Blatt 137, Schwarzenberg ; Blatt 145, Eibenstock

;

Blatt 147, Wiesenthal. 8vo. Leipzig, 1884.

Scoresby, J". W. Journal of a Yoyage to tbe Xorthem TYhale

Eisber}^ ; including Researches and Discoveries on the Eastern

Coast of West Greenland made in the summer of 1822 in the ship
' Baffin ' of Liverpool. 8vo. Edinburgh, 1823. Presented hy

A. W. Waters, Esq., F.G.S.

Scudder, S. H. Xomenclator Zoologicus. 8vo. Washington,
1882-84. Purchased.

Scudder, S. H. A Contribution to our Knowledge of Palaeozoic

Arachnida. Svo. 1884.

. Triassic Insects from the Rocky Mountains. 8vo. Xew
Haven, 1884.

Dictyoneura and the Allied Insects of the Carboniferous

Epoch. 8vo. Boston, 1885.

— . Xew Genera and Species of Eossil Cockroaches from the

older American Rocks. 8vo. Philadelphia, 1885.

— . The earliest Winged Insects of America. 4to, Cambridge,

Mass., 1885.

, ff. G. Manual of Geolog^i*, Theoretical and Practical ; by
John Phillips, edited by Pt. Etheridge and H. G. Seeley. Part 1.

Physical Geology and Palaeontology, by H. G. Seeley. Svo.

London, 1885.
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Selwyn^ A. R. C, and G. M. Dawson. Descriptive Sketch of the

Physical Geography and Geology of the Dominion of Canada.
8vo. Montreal, 1884.

Shipman, J. Geology of the Parish of Lenton, part of the Borough
of Nottingham. 8vo. London, 1884.

Shrubsole, 0. A. On certain less familiar Porms of Palaeolithic

Flint-Implements from the Gravel at Reading. 8vo. London,
1884.

Simpson, Martin. The Possils of the Yorkshire Lias, described

from Nature, with a carefully measured section of the strata and
the fossils peculiar to each. 2nd edition. 8yo. Whitby, 1884.
Purchased.

Smith, J. R. Expository Thoughts on the Creation. 8vo. London,
n. d.

Sollas, W. J. On the Origin of Freshwater Faunas : a Study in

Evolution. 4to. Dublin, 1884.

South Australia. Mr. Winnecke's Explorations during 1883. 4to.

Adelaide, 1884. Presented by the Colonial Government.

. Eeport of Government Geologist (H. T. L. Brown). 4to.

Adelaide, 1884. Presented hy the Colonial Government.

1884. 4to. Adelaide, 1884. Presented hy the

Colonial Government.

. Eeport of Government Geologist re Yisit to Far North.

4to. Adelaide, 1884. Presented by the Colonial Government.

. Work in Progress in Geological Department (R. T. L.

Bro-vvn). 4to. Adelaide, 1884. Presented by the Colonial

Government.

Spain. Oomisiondelmapageologicade Esipana. Boletin. Tomo xi.

Cuaderno 1. 1884.

. Terremotos de Andalucia. Informe de la Comisiou nom-
brada para su estudio dando cuenta del estado de los trabajos en

7 de Marzo de 1885. Presented by the Commission.

Spratt, T. A. B. Report on the Present State of the Navigation of

the River Mersey (1883). 8vo. London, 1884.

Stanley, W. F. On certain Effects which may have been produced

in the Atmosphere by Floating Particles of Yolcanic Matter from

the Eruptions of Krakatoa and Mount St. Augustin. 8vo.

London, 1884.

Steno, Nicolaus. The Prodromus to a Dissertation concerning

Solids naturally contained within Solids. Englished by H. 0.

8vo. London, 1671. Presented by Clement Reid, Esq., F.G.S.

Stirling, J. Notes on a Geological Sketch-section through the

Australian Alps. 8vo. Adelaide, 1884.

. The Phanerogamia of the Mitta-Mitta Source Basin. Art. 2.

8vo. Melbourne, 1884.

VOL. XLI. r
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Stoppani, A. Stndii geologic! e paleontologici sulla Lombardia.

8vo. Milan, 1858. Presented hy A. W. Waters, Esq., F.G.S.

Stur, D. Ueber Steinkoblen-Pflanzen von Llanelly und Swansea
in South Wales, England. 8vo. Yienna, 1884.

"

Sweden. GeohgisJca TIndersokniiig . Ser. A a. Beskrifningar till

Kartbladen i skalen ^^^, ^"os. 88 (1883) & 91 (1884). 8vo.

Stockholm.

. . Ser. Ab. Beskrifriing till Kartblad i skalan

^0. 10. 8yo. Stockholm, 1883.

. Ser. B a. Cartes generales avec descriptions. No. 4.

200000'

Annexe explicative a la carte geologique generale de la Suede.

EcheUe )—— Eeuille meridionale. 8vo. Stockholm,

1884. ""'""<"'

— . . Ser. C. Afhandlingar och uppsatser. ^o. 58. Om
Basalttuifen vid Djupadal i Skane, af E, Eichstadt. 8vo. Stock-

holm, 1883.

— . . . . ]^o. 60. Mikroskopisk nndersok-

ning af de vid Djupadal i Skane forekommande basaltbergartema,

af E. Svedmark. 8vo. Stockholm, 1883.

—. . . . No. 61. Studier vid Svenska Joklar,

af F. Svenonius. 8vo. Stockholm. 1884.

No. Q2. Om SUjanstraktens Sand-

Stockholm, 1884.stenar, af M. Stolpe. 8vo.

. . . . No. 63. Cephalopoderna i Sveriges

Kritsystem, af J. C. Moberg. Part 1. 4to. Stockholm, 1884.

. . . . No. 64. Praktiskt geologiska under-

sokningar inom norra delen af Kalmar Ian 4to. Stockholm,

1884.

. . . — . No. 66. Undersokningar ofver

Siljansomradets Trilobitfauna, af S. L. Tornquist. 4to. Stock-

holm, 1884.

Symons, B. The Maidanpec Wet Process for the Eeduction of

certain poor Cupreous Ores. 8vo. Truro, 1884.

Szajnocha, L. Zur Kenntniss der mittelcretacischen Cephalopoden-

Eauna der Inseln Elobi an der Westkiiste Afrika's. 4to. Yienna,

1884.

Tasmania. Eeport of Inspector of Mines for 1883. 4to. Hobart,

1884. Presented hy that Government.

Tate, B. Description of new Species of Mollusca of the Upper

Eocene beds at Table Cape. 8vo. Adelaide, 1884.

. Notes of a Critical Examination of the MoUusca of the older

Tertiary of Tasmania alleged to have living representatives. 8vo.

Adelaide, 1884.
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Tate, R. IS'otes on the Physical and Geological Features of the

Basin of the Lower Murray Eiver. 8vo. Adelaide, 1884.

Tausch^ L. Ueber einige Conchylien aus dem Tanganyika-See und
deren fossile Yerwandte. 8vo. Vienna, 1884.

Teisseyre, L. Der podolische Hiigelzug der Meodoboren als ein

sarmatisches Bryozoen-Riff. 8vo. Vienna, 1884.

Thome de Gamond, A. Etude pour I'avant-projet d'un Tunnel
sous-marin entre I'Angleterre et la Prance reliant sans rompre
charge les chemins de fer de ces deux pays par la ligne de Grisnez

a Eastware. 4to. Paris, 1857. Purchased.

. Account of the Plans for a new project of a Submarine
Tunnel between England and Erance, produced at the Universal

Exhibition of 1867. Second edition. 4to. London, 1870.

Purchased.

Thoroddser, T. Oversigt over de islandske Vulkaner Historie. 8vo.

Copenhagen, 1882.

Topley. W. Eeport upon the National Geological Surveys of

Europe. 8vo. London, 1884.

Toula, F. Grundlinien der Geologic des westlichen Balkan. 4to.

Vienna, 1881.

. Geologische Uebersichtskarte der Balkan-Halbinsel. 4to.

Gotha, 1882.

— . Die im Bereiche der Balkan-Halbinsel geologisch unter-

suchten Eouten. 8vo. Vienna, 1883.

— . Materialien zu einer Geologic der Balkanhalbinsel. 8vo.

Vienna, 1883.

— . Geologische Untersuchungen im centralen Balkan und in

den angrenzenden Gebieten. 8vo. Vienna, 1884.

Geologische Untersuchungen im westlichen Theile des

Balkan's und in den angrenzenden Gebieten. 8vo. Vienna,

1875-84.

Ueber Amphicyon, Hyceraoschus und Rhinoceros (Acera-

therium) von Goriach bei Turnau in Steiermark. 8vo. Vienna,

n.d.

Tryon, George W., Jun. Structural and Systematic Conchology :

an Introduction to the Study of the ITollusca. 3 Vols. 8vo.

Philadelphia, 1882-84. Purchased.

Tschernyschew, T. Der permische Kalkstein im Gouvernement
Kostroma. 8vo. St. Petersburg, 1885.

Turstig, J. See Dorpat, Nat. Gesellsch.

Tylor, A. New Points in the History of Roman Britain, as illus-

trated by Discoveries at Warwick Square, within the City of

London. 4to. London, 1884.

r2
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United States. Geological Svrvey. Monographs. Yol. v. The
Copper-bearing Eocks of Lake Superior, by R. D. Irving. 4to.

Washington, 1883.

Third Annual Eeport (1881-82). Eoy. 8vo.

Washington, 1883.

—. ——

.

Geology of the Comstock Lode and the Washoe
District, by Gr. F. Becker. 4to. Washington, 1882., Atlas,

fol.

— . . Mineral Eesources of the United States, by Albert

WUliams, Junr. 8vo. Washington, 1883.

. . Atlas to accompany the Monograph on the Geology

and Mining Industry of Leadville, Colorado, by S. F. Emmons.
Fol. Washington, 1883.

Van den BroecTc, E. Eeponse aux critiques de M. 0. van Ertborn

relatives aux donnees utHitaires de la feuille de Bilsen de la carte

geologique detaillee de la Belgique. 8vo. Eenaix, 1884.

Velains, G. Les Yolcans, ce qu'ils sont et ce qu'ils nous apprennent.

8vo. Paris, 1884.

Yerbeek, E. D. M. Krakatau. Partie 1. 8vo. Batavia, 1885.

Presented hy the Netherlands Government.

Yictoria. Gold Pields. Eeports of the Mining Surveyors and Ee-
gistrars. Quarter ended 31st March, 1884. 4to. Melbourne,

1884.

. . . Quarter ended 30th June, 1884. 4to. Mel-

bourne, 1884.

Melbourne, 1884.

Quarter ended 30th September, 1884. 4to.

— . . . Quarter ended 3l8t" December, 1884. 4to.

Melbourne, 1884. Presented hy the Minister of Mines.

— . Mineral Statistics for 1883. 4to. Melbourne, 1884. Pre-

sented hy the Minister of Mines.

Patents and Patentees. Indexes for the year 1878. Yol.

xiii. (by E. Gibbs, Eegistrar-General). 4to. Melbourne, 1882.

Indexes for the year 1879. Yol. xiv. 4to. Mel-

bourne, 1884.

. Eeport of the Chief Inspector of Mines to the Honourahle

the Minister of Mines for the year 1883. 4to. Melbourne,

1884.

Vine^ G. B. Eeports I.-Y. of the Committee appointed for the

purpose of reporting on the Carboniferous Polyzoa. 8vo. Lon-
don, 1880-84.

. jS'otes on the Carboniferous Polyzoa of Worth Yorkshire.

8vo. Leeds, 1881.
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Vine, G.R. Notes on the Carboniferous Polyzoa of West Yorkshire
and Derbyshire. 8vo. Leeds, 1883.

. . 8vo. Leeds, 1884.

. JN'otes on the Carboniferous Entomostraca and Foraminifera
of the JS'orth-Yorkshire Shales. 8vo. Leeds, 1883.

—
. . 8vo. Leeds, 1884.

—
. Notes on Species of Ascodictyon and Rhopalonaria from the

Wenlock Shales. 8vo. London, 1884.

Further Notes on new Species and other Yorkshire Car-
boniferous Fossil Polyzoa described by Prof. John PhiUips. 8vo.

Leeds, 1884.

Vom Rath, G. Mineralogische Notizen. 8vo. Bonn, 1885.

. Yortrage und Mittheilungen. 8vo. Bonn, 1885.

Walker, J. F. On Waldheimia Bernardina, 8vo. York, 1884.

Wappaeus, J. E. A. geographia physica do Brasil. 8vo. Eio de

Janeiro, 1884. Presented hy 0. A. Derby, Esq.

War Office. Arony Medical Department. Eeport for 1882. Vol.

xxiv. 8vo. London, 1884.

Webster's Royal Eed Book for 1885. Presented hy Messrs. Webster

and Larlcin.

Western Australia. Report on the Geology of the Kimberley
District, W. A., by E. T. Hardman. 4to. Perth, 1884.

. Eeport upon tlie Work carried out by the joint Admiralty

and Colonial Marine Survey Department during the year 1884,
comprising also a Eeport upon the capabilities of Cambridge Gulf

as a Port, with other information regarding the N.W. coast of

Australia, by Staff-Commander J, E. Cochlan, E.N. 4to. Perth,

1885. Presented by the Colonial Government.

Wheatley, H. B. A List of English Indexes. 8vo. London,

1879.

Whitaher. W. On the Area of the Chalk as a Source of Water-
Supply. 8vo. London, 1884.

Williams, H. S. On the Fossil Faunas of the Upper Devonian

along the meridian of 76° 30', from Tompkins County, N.Y., to

Bradford County, Pa. 8vo. Washington, 1884.

Wilson, E. The Lias Marlstone of Leicestershire as a Source of

Iron. 8vo. Birmingham, 1885.

Wilson, J. S. G., and H. M. Cadell. The Breadalbane Mines. 8vo.

Edinburgh, 1884.

Wisconsin. (Descriptive America.) Fol. New York, 1884. Pre-

sented by J. Hobbies, Esq.

Witchell, E. The Geology of Stroud and the Area drained by the

Frome. 8vo. Stroud, 1882.
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Wood, J. J. General Geological Section. (Table.)

Woodward, H. On the Wing of a iN'europterous Insect from
Australia ; Eossil Shells from South Australia ; Xew Trilobites

from South Australia. 8vo. London, 1884.

Woodward, H. B. Earthquakes and Subsidences in IS'orfolk. 8vo.

Norwich, 1884.

. Life of E,. A. C. Godwin-Austen. 8yo. London, 1885.

Wright, T. Monographs on British Eossil Echinodermata. [Pub-
lished in the Monographs of the Palseontological Society, and
bound in 3 vols.] Bequest.

Yearbook of Scientific and Learned Societies of Great Britaiu and
Ireland. Eirst Annual Issue. 8vo. London, 1884.

Second Annual Issue. 8vo. London, 1885. Presented by

Messrs. Griffin ^' Co.

Zigno, Baron A. de. Due nuovi Pesci Eossili della famiglia dei

Balistini scoperti nel terrene eocene del Yeronese. 4to. N^aples,

1884.

. Elora Eossilis Eormationis Oolithicae. Yol. ii. Part iv. a.

V. a. 4to. Padova, 1885.

Zittel, K. A. Handbuch der Palseontologie. Band i. Abth. 2, Lief. 3.

8vo. Munich, 1884. Purchased.

3. Maps &c.

The names of Donors in Italics.

Belgium. Carte geologique. EeuiUe de Modave, Yirton, Euette,

Lamorteau, Landen, St. Trond, Heers. Scale y^-g-jjo • Presented

by the Royal Museum of Naturcd History of Belgium.

Canada. Geological Survey. Map of the Dominion, geologically

coloured from surveys made by the Geological Corps, 1842 to

1882. 2 sheets. Scale 45 miles = 1 inch.

England and Wales. Geological Survey. Sheets and quarter-sheets.

Solid. 48S.W.; 51KW.,S.E.; 68 KW.; 91N.E.; 93 KE.;
96 jS^.E., S.E. ; 98 N.W., S.W. ; 99 S.E. ; 102 N.E.

Drift. 48 N.W., KE., S.W.; 49 IS"., S.: 50 N.W., N.E., S.W.,

S.E. ; 51 N^.W., N.E., S.E. : 66 Is^.E., S.W., S.E. ; 67 S.W.

;

68 KW., S.W. ; 84; 85: 91 S.E. ; 93 N.E. ; 94N.W.,N.E.,

S.W., S.E. ; 96 IS'.W., IvT.E., S.W., S.E. ; 102 N'.E. ; 103

S.W., S.E. ; 104 S.W.
Horizontal Sections. Sheets 122, 123, 125, 128, 130 to 139

inclusive.

Yertical Sections. Sheets 68, 69.

France. Carte geologique detaillee de la France. Eeuilles 15,

44, 46, 63, 96, 99, 115, 138, 148, 178, 188, 216, 217 ,228, 229.

Scale
g-o^-oTj--

Purchased.
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Norway. Geologiske Undersogelse. Kartbladefc 25 b, 26 a, 46 c,

47 D, 50 c, toTtV^-o •

Ordnance Survey Maps. Presented by the First Commissioner of Works.

One-inch General Maps.

England and Wales. Outline. New Series. Quarter-sheet
242.

Ireland. HiUs. Quarter-sheets 174, 198, 192.
Scotland. Hills. Sheets 107 and 114.

. Outline. Sheets 50, 59, 68, 78, 80, 88, 90.

Six-inch County Maps.

Bedfordshire. Quarter- sheets 7 N.W., KE., S.W., S.E.

;

8 S.W.; 9 S.W.; 11 A\E., S.E. ; 12 KAV., IS'.E.; 14
S.W.; 17S.W.; 18]S\E.; 19 KW., S.W.; 20 KW. ; 21
N.E., S.E.; 22 N.E., S.W.; 23 KE., S.E.; 24 KW.,
]Sr.E., S.W. ; 30 N.W. ; 32 N.E., S.W., S.E. ; 33 jS'.AY.,

IS-.E., S.W.
Brecknockshire. Quarter-sheets 32 N.W. ; 45 ^JsT.W., N.E.,

S.W., S.E. ; 50 jS'.W., :J^.E. ; 51 N.W\
Buckinghamshire. Sheets 28, 29, 30, 35.

Cornwall. Quarter-sheets 1 N.E. ; 1 S.W. and S.E. in one;

2 N.W., S.W. ; 3 S.W. ; 4 KE., S.W. ; 5 ^\E., S.W.,

S.E. ; 6 F.W., S.W.; 7S.E.; 8 S.W., S.E.; 10KW\,
N.E., S.W., S.E. ; 11 N.W., IS'.E., S.W., S.E. ; 12 S.E.

;

13 N.E. ; 14 S.W. ; 16 N.E., S.W., S.E. ; 21 S.E. ; 22
KE., S.E.; 23 S.W. ; 29 S.E.

Derbyshire. Quarter-sheets 3 N.E. ; 19 S.E. ; 28 KW.,
N.E., S.W., S.E. ; 29 KW., jST.E., S.E. ; 30 K.W., S.W.,

S.E. ; 33 KW., S.W., S.E. ; 34 X.W., I^.E., S.W., S.E.

;

35 KW., N.E., S.W., S.E. ; 38 N.E.. S.E. ; 39 N.W.,
]Sr.E. ; 40 S.E. ; 43 jST.E. ; 45 S.W. ; 57 N.E. ; 6 KW.

,^ *
^

and Leicester. Quarter-sheets 63 N.E. & 22 IS'.E.

— andj^ottinghamshire. Quarter-sheets 5 S.AY. & 56 S.W.

,

26^~^7&17 I^.e7, 26 S.E. & 17 S.E^, 31 N.E. & 22 IS^.eI,

31 S.W. & 22 S.W?, 31S.E.&22S.E^, 40 N.E. &32 KE.\

46 S.W. & 37 S.W., 51 S.W. & 41 S.W.

and Staffordshire. Quarter-sheets 27 KAY. & 5 JST.W.,

27 N.E. & 5 KE., 27 S.E. & 5 S.E., 32 S.E. & 9 S.E.,

37KE.&14]S'.E^, 38 S.W. & 15 S.W?, 57 N.W. & 41 jS'.W^,

57 S.W. & 41 S.W., 57 S.E. & 40 S.E., 59 InT.E. & 47 N.E.,

59 S.W. & 47 S.W.', 6^ N.E. & 53 N.E?
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Devonsliire. Quarter-sheets 26 N.E., S.E. ; 27 jS'.W., IT.E.,

S.W., S.E.; 28 KE., S.W., S.E. ; 38 KE., S.E.; 39
N.W., N.E., S.W., S.E. ; 40 S.W. ; 49 KE., S.E. ; 50
N.W., N'.E.. S.W., S.E.; 51 KE., S.E.; 57 N.W., S.W.;
61 ^M., N.E., S.E. : 62 N.W., iN^.E., S.W., S.E. ; 63
N.W., N.E., S.W., S.E. ; 74 N.E., S.W., S.E. ; 75 KW.,
N.E., S.W., S.E. ; 76 KW., ISLE. ; 77 I^.W., S.E. ; 78
S.W. ; 83 KE. ; 87 ]S".E., S.W., S.E. ; 88 I^.W., S.W.

;

90 j^.W., KE., S.W. ; 97 KW., N'.E., S.W. ; 98 N.W.

;

104 KE., S.E.; 105 KW., N^.E., S.W.; 106 IsLE., S.W.,
S.E.; 107 KW.; 112 KW., S.W. ; 132 S.W., S.E.

:

136 N.W.
Glamorganshire. Sheets 9, 10, 14, 16, 17, 18, 21, 21a, 22,

23, 24, 26, 31, 32, 39, 44, 46.

Gloucestershire. Quarter-sheets 13 S.W., S.E. ; 16 KE.,
S.E. ; 17 ]J^.W., S.W. ; 19 IN^.W., I^.E., S.W., S.E. ; 20
N.W., S.W.; 21 S.E.; 24 S.W. ; 26 IS'.W. ; 27 KW.

;

30 S.E. ; 31 «".£. ; 32 IS'.W. ; 33 KE., S.W., S.E. ; 34
. If.W. ; 36 KE., S.E. : 38 IST.E., S.E. ; 39 jS'.E., S.E.

;

41 S.E.; 42 N.W., N".E., S.W., S.E,; 43 S.E. ; 44 KW.,
S.W. ; 46 N.W., N.E. ; 47 I^.E., S.E. ; 48 KE. ; 49
JSr.W.; 50 KE., S.W. ; 52 I^.W. ; 56 KW., S.W.; 58
isr.w.

, ^ .

and Warwickshire. Quarter-sheets 1 S.E. & 43 S.E.,

3 N.E. & 49 l^.E., 4 S.W. & 50 S.W., 12 N.W. & 55 N.W.,

5¥s.e7& 55 S.E^,13KW. &56 N.W., 18 KwT& 60 IS'.W^

21 N.W. & 61 IsM.

and Worcestershire. Quarter-sheets 3 S.W. & 43 S.W.,

3 S.E. & 43 S.E., 6 jS^.E. & 49 N'.E., 6 S. W. & 49 S.W.,

6 S.E. & 49 S.E., 8 S.W. & 51 S.W., 11 ]S".E. & 54 IS'.E.,

11 S.W. & 54 S.W., 11 S.E. & 54 S.E., 12 KE. & 55 N.E.,

i2S.W&55S.W., 15 ^.W. & 58 N~W., f7 S.^T& 59 S.E.',

21 ]Sr.E. & 61 IS-.E.

Herefordshire. Quarter-sheet 7 S.E.

and Shropshire. Quarter-sheet 7 ^.E. & 82 jS'.E.

Hertfordshire. ' Sheets 6, 7, 11, 12, 13, 15, 18, 19, 20, 22,

25, 27, 28, 29, 31, 33, 38, 39. ,
^-

,

and Bedfordshire. Sheet 26 and 31.

and Shropshire. Quarter-sheet 7 N.E. & 82 IS'.E.

Inverness (Isle of Eigg). Sheet 70.

Leicestershire. Quarter-sheets 3 N.W., S.W. ; 7 IS'.E.,

S.W.,S.E.; 8S.W.; 10 S.W. ; 13 KW., S.W. ; 14 KW.,
IS'.E., S.W., S.E.; 17 N.W., S.W., S.E; 18 IS'.E., S.W.,
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S.E. ; 19 N.E., S.W., S.E. ; 20 N.E., S.W. ; 23 jST.E. ;

24 N.W., KE., S.W., S.E. ; 25 N.W., jS^.E., S.W., S.E.

;

26 N.W., S.W., S.E. ; 27 I^.W. ; 33 N.W., S.W.

Leicestershire and Derbyshire. Quarter-sh. 22 S.E. & 63 S.E.

and jS'ottinghamsliire. Quarter-sheets 2 S.W. & 44 S.W.,

2 S.E. & 44 S.E., 5 S.E. & 45 S.E., 6 N.E. & 47 N.E.,

6 S.E. & 47 S.E.'^, 7 N.W. &"48lsLW., il S.eT& 50 S.E.,

12 K.E. & 51 KE., f2SrW. & sTsTw?, r2~s5r& 51 S.E.,

17 N.E. & 52 KE.

and Rutlandshire. Quarter-sheets 20 S.E. & 1 S.E.,

21 S.W. & 2 S.W., 21 S.E. & 2 S.E., 27 N.E. & 4 I^.E.,

27 S.E. & 4 S.E., 33 KE. & 8 N.E., 33 S.E. & 8 S.E.

Lincolnshire and j^ottinghamshire. Quarter-sheets 21 jS'.W.,

S.W. ; 69 N.W., ISF.E.

Merionethshire. Quarter-sheets 16 N.W., N.E., S.E.

Middlesex. Sheet 17.

Monmouthshire and Glamorganshire. Sheets 10 and 6.

Montgomery. Sheet 10 jS^.W., S.W.; 15 N.E., S.El; 16
N.W. ; 43 ^.W., S.W., S.E. ; 44 N.W. ; 49 N.W., I^.E.

jSTorfolk. Quarter-sheets 22 Is^.E., S.E. ; 23 ^.W., S.W.

;

33 KE., S.E. : 34 N.W., N.E., S.W. ; 35 S.E. ; 41 N.W.,
KE., S.E.; 42N.W., S.W. ; 45 IST.W,, KE., S.E.; 46
I^r.W., N.E., S.W., S.E. ; 47 N.W., S.W., N.E., S.E. ; 49
jS'.W., S.W. ; 50 N.W., S.W., S.E. ; 53 I^.E., S.E. ; 54
S.W. ; 57 S.E. ; 58 ^M., S.W. ; 59 S.E. ; 60 ]S'.W.,

KE. ; 61 KW. ; 65 KE., S.E. ; 6Q I^.W. ; 69 KE.

;

70 KW., S.W. ; 72 N.W., KE., S.W., S.E. ; 73 S.E.

;

82 N.W., ]N\E., S.W. ; 84 N.E., S.W. ; 85 S.E.; 86 S.W.,

S.E. ; 88 jS'.E., S.E. ; 89 KW., S.W. : 91 N.E. ; 92 N.W.,
KE.; 95 KE.; 96 N.E. ; 97 JS'.W., N.E., S.E. ; 98 N.W.;
104 KW., N.E., S.E. ; 105 N.W., S.W. ; 106 N.W., N.E.,

S.W.

and Suffolk. Quarter-sheets 89 S.E. & 3 S.E.,

91 S.E. & 5 S.E., 92 S.W. & 6 S.W., 92 S.E. & 6 S.E.,

93 S.E. & 7 S.E., 98 N.E. & 8 KE., 98 S.W. & 8 S.W.,

98 S.E. & 8 S.e7, 9'9 K.E. & 9 N.E., 99 S.W. & 9 S.Wl,

ioOKW.&lON.W?, i03S.E.&14'srE., 108X.E.&22KE.
Northamptonshire. Quarter-sheets 29 N.E., S.E. ; 30 jST.W.,

j^.E., S.W., S.E. ; 31 N.E., S.W., S.E. ; 32 S.W., S.E.

;

36 N.W., JSr.E., S.W., S.E. ; 37 N.W., N.E., S.W., S.E.

;
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3S KW., KE., S.W., S.E.; 40 K.W., KE., S.W.; 43
KW., JS^.E., S.W., S.E. ; 44 IS^.W., I^.E., S.W. ; 45 S.E.

;

46 KW., I^.E., S.W., S.E.; 47 KW., KE.; 49 S.E.;

50 ^.W., KE,, S.W., S.E. ; 51 KW., KE., S.W., S.E.

;

52 KW., Js^-E., S.W., S.E. ; 53 IS^.W., IST.E., S.W. ; 54
KW., ]S^.E., S.W., S.E. ; 55 KW., iN^.E., S.W., S.E. ; 56
^M. ; 58 KW., KE. ; 59 S.E. ; 62 I^.W., S.W., S.E.

liTorthamptonshire &Warwicksliire. Qu.-sh. 29Is^.W. &29I^.W.,

29 S.W. ^29 S?V^., 35 KE. &35XE., 35 S.E.&35 S.E^,

42 KE. & 41 Is^E., 42 S.W. & 41 S.W., 42 S.E. & 41 S.E.,

49^VW&47S\W.,49KK & 47 KE., 49 S.w!&47S.W.,

92 S.W. & 6 S.W., 99'kK^TkE.
Nottinghamsliire. Quarter-sheets 18 :N'.W., IN'.E., S.W., S.E.;

19 KW., KE., S.W., S.E. ; 20]S'.W., S.W. ; 23 IST.E.,

S.W., S.E. ; 24 KW.. IS-.E., S.W., S.E.; 25 KW., N.E.,

S.W., S.E. ; 26 S.W. ; 28 IN-.E., S.E. ; 29 I^.W., l^.E.,

S.W., S.E. ; 30 N-.W., KE., S.W., S.E. ; 31 N.W., S.W.;

33 Is^W., N.E. ; 34 KW., iN^.E., S.W., S.E. ; 35 N.W.,
S.W., S.E. ; 36 ]Nr.W., S.W. ; 39 KE. ; 41 KE., S.E.

;

44 ]^.W. ; 47 IS\W., S.W. ; 50 ^^.W.

and Derby. Quarter-sheet 32 I^.W. & 41 N'.W.

and Leicester. Quarter-sheets 41 S.W. & 32 S.W.,

50 E.E. & 11 IS'.E., 50 S.W. & 11 S.W., 50 S.E. & 11 S.E.

51 ^m7^12 ISr.W^ 56 N.i:. & 45 ^.^.

- and Lincoln. Quarter-sheets 28 IN'.E. & ]N".E.,

21 X.E. & 69 IS^E., 21 S.E. & 69 S.E., 53 KW. & 28 If.W.

Oxfordshire. Sheets 21, 26, 30, 31.

and Berkshire. Sheets 37 and 4, 46 and 11.

and Buckinghamshire. Sheets 28 and 24, 50 and 45,

53 and 50.

and Wiltshire. Sheet 36 and 2 a.

Eutlandshire. Quarter-sheets 3 S.W., S.E. ; 5 KW., I!^ .E.,

S.W., S.E.; 6 iS^W., KE., S.W., S.E.

Shropshire. Quarter-sheets 1 S.E. ; 4 S.W. ; 5 IS'.E., S.W.,

S.E. ; 6 S.W., S.E. ; 7 S.W., S.E. ; 8 N.E., S.E. ; 9 KW.,
KE., S.W. : 11 KE., S.E. ; 12 N.W., S.W. ; 13 N.W.,

IS'.E., S.W., S.E. ; 14 I^-.W., ]^.E., S.W., S.E. ; 15 N.W.,

^.E., S.W. : 16 N.E., S.W. ; 17 jST.W. ; 18 If.E. ; 19

I^-.E., S.W., S.E. ; 20 iS-.W., Is'.E. : 21 KW., KE., S.W.,

S.E. : 22 N.W., S.W., S.E. ; 23 Jf.W., KE., S.W., S.E.

;
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24 N.W., S.W., S.E. ; 25 N.E. ; 26 8.W. ; 27 N.W., IS\E.,

S.W., S.E. ; 28 N.W., N.E., S.E. ; 29 N.W., N.E. ; 30
KE., S.W. ; 31 ^.W., S.W. ; 34 N.E., S.W., S.E.; 35
KW., S.W., S.E. ; 36 KW.; 40 S.W. ; 43 S.W.; 49
N.W.; 73 KE.; 75 N.E.; 76 KE., S.W., S.E.; 79
N.E., S.E.

Shropshire and Herefordshire. Quarter-sh. 77 N.W. & 2 N.W.,

TJ N.E. & 2 N.E., 77S.W.&2S.W., 78 N.W. & 3 KW.,

78 N.E. & 3 N.E., 78 S.E. & 3 S.E., 79 S.W. & 4 S.W.,

82N.W. & 7 ]S'.W.r83 N.W.VOvW^

and Montgomerj^shire. Quarter-sh. 53 S.E. & 37 S. E.,

6rKK&l4 N.e!^ 61 S.wr&44S.W., 61 S.e7&44S.E?,

68 N.W. & 49 N-.W.^

Somersetshire. Quarter-sheets 1 S.E. ; 2 N.W., N.E., S.W.,

S.E. ; 3 S.W. : 4 N.W., T^.E., S.W., S.E. ; 5 N.W., N.E.,

S.W.,S.E.; 6 N.W., N.E., S.W., S.E.; 7 N.W., JST.E.,

S.W.,- S.E. ; 8 N.W., S.W., S.E. ; ].0 N.W., N.E., S.W.,

S.E. ; 11 K.W., N.E., S.W., S.E. ; 12 N.W., N.E., S.W.,

S.E.; 13 ^T W , ^.E., S.W., S.E. ; 14KE.,S.E.; 16 KW.,
S.W., S.E.; 17 Is\W., S.E. ; 18 N.W^, KE., S.W., S.E.;

19 N.W\, N.E., S.W., S.E. ; 20 N.W., S.W. ; 21 jS^.W.,

N.E., S.W., S.E. ; 24 N.E., S.E. ; 25 N.W., N.E., S.E.

;

26 N.W., N.E., S.E. ; 27 N.W., N.E., S.W., S.E. ; 28
N.W., N.E. ; 29 KE., S.E. ; 30 N.W., N.E. ; 31 N.W.;
42 N.E., S.E.

Staffordshire. Quarter-sheets 2 S.W. ; 3 S.W. ; 7 N.E.

;

8 N.W. ; 10 N.W. ; 12 S.E. ; 15 S.E. ; 31 S.E. ; 32 N.W.,
S.W. ; 38 S.E. ; 39 N.W. ; 40 KW^, S.W. ; 43 N.E.,

S.W., S.E. ; 44 S.W. ; 45 N.W. ; 46 N.W., JN^.E., S.W.,

S.E. ; 47 jN'.W. ; 49 N.W., N.E., S.W. ; 50 N.E., S.W.,

S.E.; 56 K.E.; 59 S.W. ; 61 N.W., N.E., S.W., S.E.

;

66 N.W., N.E. : 68 N.E., S.W., S.E. ; 70a S.E.

and Derbyshire. Quarter-sheet 14 S.E. & 37 S.E.

and Warwickshire. Quarter-sheets 59 S.E. & 2 S.E.,

64 N.W. & 4 N.W., 64 N.E. & 4 N.E., 64 S.W. & 4 S.W.,

Qb N.W\ & 5 N.W^ 65 N.E. & 5 n!k, 69 N.W. & 8 N.W^

71 S.W."&'6S.'W\, 73 N.E. &TnJe!^ 74 S.W. A^sTw.
Suffolk. Quarter-sheets 10 S.E. ; 17 N.E. ; 22 S.E. ; 23

N.W., S.E.; 27 N.W.; 32 N.E., S.E.; 33 N.W., S.E.

;

34 S.E. ; 38 N.W., S.W., S.E. ; 39 N.E., S.E. ; 40 N.W.,
S.W. ; 43 N.E. ; 44 N.W., S.W., S.E. ; 45 N.W., N.E.,

S.W., S.E. ; 47 N.W., N.E., S.W., S.E. ; 48 N.W., N.E.,
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S.W., S.E.; 49 KW.; 50 l^.W., S.E. ; 51 KW. ; 53
KE., S.E. ; 54 X.E., S.W., S.E. ; 55 N.W., I^.E., S.W.,
S.E.; 56 S.W., S.E. ; 57N.W., JS^.E., S.W., S.E.; 58
IS-.W., ]^.E., S.W., S.E.; 59 I^.E., S.W., S.E.; 60 S.W.

;

63 N.W., KE., S.W., S.E. ; 64 N.W., N.E., S.W., S.E.

;

65 jS^.W., jS^.E., S.W. ; 66 l^.W., N.E. ; 69 N.W. ; 70
S.W. ; 74 S.W. ; 75 ^M., N.E., S.E. ; 76 N.W., N.E.

;

82 N.W., I^.E. ; 85 KW.
Suffolk and Cambridgeshire. Quarter-sh. 31 N'.E. & 36 N.E^

31 S.W. & 36 S.W., 31 S.eT& 36 s!k, 32S?w7& sTS-W?,

42KE. & 42 £e., 42 S.E. & 42 S.E.

and Ii[orfolk. Quarter-sheets 2 ]^.W. & 78 N.W.,

4 S.W. & 90 S.W., 7 S.W. & 93 S.W., 9 S.E. & 99 S.E.,

10 S.W. & 100 S.W., 17 N.W. & 107 KW.
Warwickshire. Quarter-sheets 17 N.W. ; 50 S.W. ; 57

S.W.

& Worcestershire. Quarter-sheets 24 IS'.W. & 31 IST.W.

30 N.E; & 23 N.E., 30 S.E. & 23 S.E., 36 KE. &30 N.E.,

36 S.E. & 30 S.E., 42 N.E. & 35 nTe^ 48 N.E. &42KE.
Worcestershire. Quarter-sheets 8 S.E. ; 9 N.E., S.W., S.E.;

10 J^.W., N.E., S.E. ; 12 ]J^.E., S.W., S.E. ; 13 N.W.,
IS-.E., S.W., S.E. ; 15 S.E. ; 16 S.W. ; 18 N.E., S.E. ; 19
ISr.W., N.E., S.W., S.E. ; 20 N.W., N.E., S.W., S.E. ; 21
N.W., S.W., S.E.; 22]Sr.E.,S.W., S.E. ; 23 I^.W., S.W.;
25 KE.; 26N.W.,]Sr.E.; 27N.E.,S.W., S.E.; 28 N.W.,
N.E.,S.W.;- 29]S'.W.,]Sr.E.,S.W.,S.E.; 30JN.W., S.W.;
31 S.E. ; 32 KW., KE., S.W., S.E. ; 33 I^.W., S.W.

;

34 N.W., KE., S.W., S.E. ; 35 S.W. ; 38 I^-.E. ; 39
KW.; 40 ]S".W., N-.E., S.E.; 41 N.W., KE., S.W.,

S.E.; 42 S.W. ; 48 N.E.

and Gloucester. Quarter-sheets 48 S.W. & 5 S.W.,

48 S.E. & 5 S.E., 49 ^.W. & 6 N.W., 50 N".W. & 7 N.W.,

50 N-E. & 7 JS'.E., 50 S.W. & 7 S.W., 50 S.E. & 7 S.E.,

54 N.E.'&TTkE.—, Warwickshire, and Gloucestershire. Quarter-sheets

43 ISr.W., 49 N.W., & 3 :^r.W. ; 44 N.E., 50 KE., & 4 N.E.

Paris. -Depdi de la Marine. 15 Sheets of Charts and Plans of

various Coasts, &c.

Eussia. Geological Committee. Sheet 71. tJ'O'W'O'
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Russia. Geological Committee. Geologische Karte des Ostabhanges

des Urals, von A. Karpinsky, in 3 sheets. -4 20Wo-

Saxony. Geologische Landesuntersuchung des Konigreichs Sachsen.

Geologische Specialkarte. Blatt Mutzschen, 29 ; Kirchberg, 125

;

ZobHtz, 129 ; Schwarzenberg, 137 ; Eibenstock, 145 ; Wiesen-
thai, 147. ^^0-

Sweden. GeologisJca UndersbJcning. Ser. A. a, 88, 91. gWuTD"*

. . Ser A. 6, 10. ^1^.

. . Karta ofver berffffiunden inom norra delen afKalmar
Ian ntford pa bekostnad af lanets norra Hushallnings Sallskap.

. . Geologisk Ofversigtskarta ofver Sverige. Sodra
bladet. 7-000000*

Switzerland. Geological Commission. Sheet 18. 1 0^0 oif

II. ADDITIONS TO THE MUSEUM.

Specimens illustrating the paper on the Serpentine of Porthalla

Cove, in Q. J. G. S. vol. xl. p. 458. Presented by J. If. Collins,

Esq., F.G.S.

Two slides with Cretaceous Lichenoporidse, illustrating the paper in

Q. J. G. S. vol. xl. p. 850. Presented by G. E. Vine, Esq.

Casts of Footprints in the Lower New Red Sandstone of Penrith,

illustrating the paper in Q. J. G. 8= vol. xl. p. 479. Presented by

G. V. Smith, Esq., F.G.S.

Specimens illustrating Mr. A. W. Waters's paper on Chilostomatous

Bryozoa from Muddy Creek, Yictoria (Q. J. G. S. vol. xxxix.

p. 423). Presented by J. B. Wilson, Esq., of Geelong.

A specimen of Fulgurite from Mont Blanc, illustrating the paper in

Q. J. G. S. vol. xli. p. 152. Presented by F. Rutley, Esq., F.G.S,
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Ten Sandworn Stones from Hokitika, !N"ew Zealand. Presented hy
W. B. Camplell, Esq^., F.G.S.

Six slides of Cyclostomatous Bryozoa from Muddy Creek, South
Australia, illustrating the paper in Q. J. G. S. vol. xl. p. 674.
Presented ly J. B. Wilson, Esq., F.G.S.
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